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“Science is a way of thinking much more than it is a body of knowledge” 
-Carl Sagan 
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Abstract 
Acquisition of high quality 2D seismic data by the New Zealand Government in 2009-
10 (the PEG09 Survey) sparked new interest in Pegasus Basin, an offshore frontier 
basin situated east of central New Zealand. Although no wells have been drilled in 
Pegasus Basin, strata exposed onshore in southern Wairarapa and northeastern 
Marlborough provide useful analogues for the sedimentary fill of the basin. Using field 
observations in combination with petrographic analysis and seismic interpretation, 
this study provides a more complete understanding of the geology of Pegasus Basin. 
 
13 outcrop localities are described from the surrounding southern Wairarapa and 
northern Marlborough regions, which are inferred to have been deposited in a range 
of depositional environments including fluvial, terrestrial and shallow marine deposits, 
through to inner – mid shelf, and deep marine channel-levee and submarine fans, 
with fine-grained sedimentation at bathyal depths. These outcrops provide 
representative and well-exposed examples of facies and lithologies typical of the 
depositional environments that are likely to exist in Pegasus Basin. 
 
Petrographic analysis of six Cretaceous and six Neogene sandstones from 
Marlborough and Wairarapa regions has revealed that they are compositionally 
classified as litharenites and feldspathic litharenites, derived from the Torlesse 
Supergroup. Primary porosity is best preserved in Neogene sandstones, whilst 
Cretaceous sandstones only tend to preserve secondary porosity, in the form of 
fractures or dissolution of framework grains. Carbonate cementation, compaction and 
authigenic clay formation are the biggest contributing factors that degrade reservoir 
quality. 
 
Seismic interpretation of the PEG09 survey has revealed that Pegasus Basin 
contains a sedimentary succession over 10,000 m thick, that mantles Early 
Cretaceous syn-tectonic strata in various states of deformation attained during mid-
Cretaceous subduction at the eastern Gondwana margin. Key horizons mapped 
extensively over the basin highlight seismic reflection packages, which are linked to 
described outcrop localities onshore, based on reflection characteristics and 
geometries. The Miocene succession contains up to 4,000 m of sediments that are 
likely to include promising reservoir lithologies akin to the Great Marlborough 
Conglomerate of Marlborough, or the Whakataki Formation of Wairarapa. 
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1 Introduction 
1.1 General introduction 
 
Pegasus Basin is a geological basin offshore New Zealand that is of growing interest 
to the hydrocarbons exploration industry. It lies east of Cook Strait, stretching from 
offshore Marlborough in the northeastern part of the South Island (Te Waipounamu) 
to Wairarapa in the southeastern part of the North Island (Te Ika-a-Māui).  The 
Neogene East Coast accretionary prism defines the basin’s northwestern margin, 
whilst the southern margin is marked by the Chatham Rise (Figure 1-1). The 
northeastern margin remains poorly defined, situated at roughly 178˚E longitude, 
however future seismic data acquisition will further constrain this.  
 
Sitting outboard of the modern subduction front on the Pacific Plate, Pegasus Basin 
once existed as a contiguous entity with the East Coast and Raukumara Basins 
along the proto-Pacific Gondwana subduction margin from Permian to mid-
Cretaceous times. Today the basin is sited entirely upon the Pacific Plate, above and 
adjacent to the Hikurangi Plateau, occupying a transition zone between subduction 
below New Zealand’s North Island and the strike-slip plate boundary of the South 
Island (Bland et al., 2014). Rift-related thermal subsidence lead to 80 million years of 
passive margin sedimentation within Pegasus Basin, before establishment of the 
modern plate boundary resulted in deposition of thick successions of siliciclastic 
sediments.  
 
The basin fill is inferred to consist of Early Cretaceous syn-tectonic strata overlain by 
up to 8000m of Late Cretaceous – Recent passive margin cover beds, all of which 
have been virtually unaffected by convergent tectonics during the Neogene despite 
proximity to the deformed East Coast Basin.  
 
No wells have yet been drilled in Pegasus Basin, and current geological knowledge 
remains at a reconnaissance level, based largely on 2D seismic reflection lines. 
Outcropping geology of the southern Wairarapa and northeastern Marlborough 
regions are thought to provide useful analogues for the expected sedimentary 
architecture of Pegasus Basin, and offer a better understanding of Pegasus Basin. 
 
 
2 
 
 
 
 
 
 
 
 
 
 
Figure 1-1 - Sedimentary basins, topography and physiography of New Zealand. This map 
delineates the sedimentary basins occurring upon the largely submarine continent known as 
Zealandia. Pegasus Basin, highlighted by the red polygon, is encompassed within New 
Zealand’s Exclusive Economic Zone (EEZ) and Extended Continental Shelf (ECS).  Image 
sourced from Uruski and Bland (2010). 
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1.2 Project aims and outline 
 
This thesis aims to investigate and characterize the regional geology of Pegasus 
Basin, drawing on seismic interpretation of the PEG09 survey and supporting 
evidence from mid-Cretaceous to Neogene outcrop analogues of southern 
Wairarapa and northeastern Marlborough.  
 
Measured sections of outcrop analogues were compiled from detailed geological 
descriptions, together with outcrop photography and previous outcrop descriptions to 
provide the reader with visual references of dominant sedimentary features.  
 
Analysis of sandstone thin sections from Cretaceous and Neogene-aged outcrops 
aim to provide potential insights into the provenance history of Pegasus Basin, based 
on count analysis, as well as data on textural maturity, classification and visual 
porosity estimates.  
 
Seismic mapping of the PEG09 survey in Petrel E&P software was undertaken to 
determine the nature of offshore sedimentary packages based on tectonic and 
stratigraphic mapping, including faulting styles, stratigraphic thickness, and seismic 
reflection geometries. Results from seismic mapping will provide a history of the 
tectonic and depositional regimes that existed during the formation and evolution of 
Pegasus Basin. 
 
As Pegasus Basin remains undrilled, the results and conclusions obtained from 
outcrop and petrographic studies will provide visual and quantitative analogues of 
interpreted seismic geology from the PEG09 survey. Whilst it remains unclear at this 
stage whether outcropping geology of the southern Wairarapa and northeastern 
Marlborough can be correlated with the offshore architecture of Pegasus Basin, this 
thesis aims to provide a first step towards understanding this frontier basin. 
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1.3 Exploration  
There are over 300 onshore oil and gas seeps within the onshore East Coast Basin, 
indicating the presence of an active petroleum system. Hydrocarbon shows were 
associated with the two wells drilled offshore East Coast Basin east of Wairarapa; 
Titihaoa-1drilled in 1994 (Biros et al., 1994) and Tawatawa-1 drilled in 2004 (Tap Oil 
Limited, 2004). Such hydrocarbon finds within the East Coast Basin re-inforce 
suggestions that the Pegasus Basin warrants further investigation, due to their 
proximity during basin evolution. 
1.3.1 Past exploration in adjacent region of the East Coast Basin 
The two offshore wells of greatest significance to Pegasus Basin are Titihaoa-1 and 
Tawatawa-1, drilled within the East Coast accretionary prism. Titihaoa-1 was drilled 
in November 1994 by Amoco NZ Exploration Company in order to test the Early 
Miocene Takiritini Formation and the Oligocene Akitio Formation, both sandstone 
packages seated within a large hanging wall anticline in the East Coast Basin off the 
coast of Wairarapa (Biros et al., 1994). The well reached Total Depth (TD) at 2740 m 
(Biros et al., 1994), with the stratigraphic succession between 1910 m and TD being 
correlated with the onshore Middle Miocene Whakataki Formation (Field, 2005). The 
Whakataki Formation did have methane-bearing thinly interbedded sands, however 
these were judged to be non-commercial and no oil shows were recorded (Biros et 
al., 1994). 
 
Tawatawa-1 was drilled in September 2004 by Tap Oil Limited, 27 km northeast of 
Titihaoa-1. The prospect proposed for drilling was a four-way dip compressional 
anticline with interpreted Late Miocene turbidite fan sandstones and underlying 
Middle Miocene clastics serving as reservoir targets (Tap Oil Limited, 2004). 
Tawatawa-1 reached TD at 1522 m in the Late Miocene Tanawa Formation, failing to 
penetrate into the Middle Miocene gas bearing sediments as interpreted from 
Titihaoa-1 (Tap Oil Limited, 2004). Failure to intersect an effective reservoir in 
Tawatawa-1, that was tied to interpretations from Titihaoa-1 only 27 km southwest, 
re-inforces the complexity of the tectonic regime in the accretionary wedge of the 
East Coast Basin, where sub-basins situated between anticlinal highs may differ in 
stratigraphic architecture from those located nearby. It is important to consider that 
neither of the offshore wells penetrated deeper than Miocene-aged targets, and as 
such the hydrocarbon potential of older Paleogene- and Cretaceous-aged 
successions remains largely untested. 
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Of less significance to the understanding of Pegasus Basin are the onshore wells 
Ranui-1 & -2, Orui-1 & -1A, and Te Mai-1 & -2. Ranui-1 was drilled in April 2008 by 
Discovery Geo Corporation, ~20 km east of Masterton, Wairarapa. Ranui-1 reached 
TD at 1134.0 m in the Late Cretaceous Rakauroa Member of Whangai Formation 
(Discovery Geo Corporation, 2008). Ranui-1 did not encounter elevated gas levels or 
oil fluorescence while drilling, although headspace SIFT (Selected Ion Flow Tube) 
analyses recorded C1-C5 levels, and the resulting gas ratios indicated an overall 
trend from dry gas down to gas and condensate/oil (Discovery Geo Corporation, 
2008). 
 
The onshore wells Orui-1 and Orui-1A were drilled in August 2011 by East Coast 
Energy Ventures Ltd (a subsidiary of New Zealand Energy Corp) near the Riversdale 
area, Wairarapa. Orui-1 reached TD at 130.0 m, after intersecting a substantial 
thickness of Waipawa Formation at 36.5 m, and an apparent contact with Whangai 
Formation at 85.0 m (New Zealand Energy Corporation, 2012a). Orui-1A was 
spudded only 10 m away from Orui-1 and reached TD at 117.3 m, still in Waipawa 
Formation, after intersecting the formation top at 37.8 m (New Zealand Energy 
Corporation, 2012a).  
 
The onshore wells Te Mai-1 and Te Mai-2 were drilled in August 2011 by East Coast 
Energy Ventures Ltd. Te Mai-1 was drilled open-hole as a pilot hole to verify 
corepoint depths, and reached TD at 150.0 m, after drilling through a continuous 
succession of Wanstead Formation (New Zealand Energy Corporation, 2012b). Te 
Mai-2 penetrated Waipawa Formation at 124.7 m, and the contact with Whangai 
Formation was tentatively identified at 128.55 m.  
 
The onshore well Ranui-2 was drilled in January 2012 by East Coast Energy 
Ventures. Ranui-2 was a re-drill of Ranui-1 (2008), drilled 11m east of the Ranui-1 
wellhead, and extended beyond the original well to a TD of 1440.7 m (EVEC III Ltd, 
2012). Ranui-2 penetrated formation tops that were slightly shallower than in Ranui-
1, with negligible sandstone development  except in the basal Karamu Sandstone, 
which unconformably overlay Whangai Formation at 901.0 m (EVEC III Ltd, 2012).  
1.3.2 Current Exploration 
In 2009-2010 the New Zealand Government acquired a seismic survey over Pegasus 
Basin called PEG09 (Figure ‎1-3), comprising of 3200 line kilometres of high quality 
2D data, in order to stimulate exploration interest in the area. PEG09 is the most 
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recent open-file seismic survey available that has helped to define Pegasus Basin as 
a new basin within New Zealand’s EEZ. 
 
In December 2012 Anadarko Petroleum Corporation was awarded Petroleum 
Exploration Permits (PEP) 54858 and 54861 (Figure ‎1-2) in order to undertake 
hydrocarbon exploration. 
 
 In 2013, New Zealand Petroleum and Minerals (NZP&M) co-funded an Oceans 
Survey 20/20 survey within Pegasus Basin, in an area outside of the Anadarko 
permits, using the National Institute of Water and Atmospheric Research Ltd (NIWA) 
research vessel RV Tangaroa. The survey was undertaken in order to acquire 
multibeam bathymetry and water column data and assess the petroleum 
prospectivity of the region (GNS Science and NIWA, 2013). 
 
In 2014 Schlumberger Seaco Inc (Schlumberger) completed a 2D marine seismic 
survey of approximately 5,000 line kilometres in the East Coast and Pegasus Basins, 
within the Petroleum Prospecting Permit (PPP) 56061. The survey was undertaken 
to acquire data that would provide a greater general understanding of the geological 
structure within the East Coast and Pegasus Basins and further identify more 
prospective areas for further investigation, however this survey currently remains 
confidential. 
 
In December 2014 four PEP’s within Pegasus Basin were awarded (Figure ‎1-2); 
PEP57083, 57083, and 57085 to Chevron New Zealand Exploration Limited 
(Operator, 50%) and Statoil New Zealand B.V. (50%), and PEP57073 to OMV New 
Zealand Limited.  
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Figure 1-2 - Current permits as at December 2014 within the vicinity of Pegasus Basin. PEPs are 
numbered in bold within each permit block. Created from OMV New Zealand Limited database. 
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Figure 1-3 - Map showing seismic data coverage over the Pegasus Basin region. The Bruin, 
IAE1, 05CM and PEG09 seismic surveys are considered the most useful within the region. This 
study utilises the PEG09 survey, highlighted in red. Image sourced from Bland et al. (2014). 
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1.4 Study Area 
The Pegasus Basin lies east of Cook Strait, extending from southern Wairarapa 
down to northeastern Marlborough in central New Zealand. For the purposes of this 
study the basin is assumed to span a roughly triangular area covering at least 
25,000km2, however more recent studies have extended this threefold to 75,000km2 
(Bland et al., 2014). The northern boundary of the Pegasus Basin is defined by the 
north-east trending East Coast Basin and associated Hikurangi Trough formed by 
subduction of the Pacific Plate beneath the Australian Plate, and its southern 
boundary formed by the east-west trending Chatham Rise (Figure 1-1). The northern 
margin of the Chatham Rise is thought to mark the location of the relict ancient 
Gondwana subduction front, where subduction of the Hikurangi Plateau from the 
north terminated by 100 Ma (Bland et al., 2014; Davy, 2014). The eastern boundary 
of Pegasus Basin is not well defined, but is considered to be the region where 
sedimentary cover beds are too thin to generate significant petroleum accumulations, 
at approximately 178˚E. Though seismic data quality are poor and seismic coverage 
patchy, surveys like the survey Schlumberger Seaco Inc. shot in 2014 will further 
delineate the eastern extent of the basin. The southwestern extent of the basin is 
bound by the coastline of Marlborough in the northeast South Island, extending from 
Kaikoura northward. 
 
1.4.1 Tectonic Setting 
The Pegasus Basin lies adjacent to a transitional zone within central New Zealand 
where the local tectonic regime changes from subduction of the Pacific Plate beneath 
the Australian Plate of the North Island, marked by the Hikurangi Trough, to strike-
slip motion accommodated by the Marlborough Fault System in the northeastern 
South Island. The Australian and Pacific plates move relative to each other at 
convergence rates varying between 48-39 mm/yr through New Zealand (Figure ‎1-4), 
with deformation becoming more oblique toward the south reflecting larger strike-slip 
influence with increasing distance southward (Wallace et al., 2012). 
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Figure 1-4 - Pegasus Basin (red polygon) in association with the present tectonic 
setting of New Zealand. Light grey delineates the extent of continental crust, and the 
dark green polygon indicates the present location of the Hikurangi Plateau (LIP). The 
red solid and dashed line indicates the extent of the subducted Hikurangi Plateau 
(unrolled to the surface), where dashed edges are less certain (after Reyners et al., 
2011). Image sourced and adapted from Uruski (2014). 
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The tectonic relationship between the Pacific Plate and the Australian Plate creates 
heterogeneity in deformation styles within New Zealand, with back-arc rifting in the 
northern North Island, to a nearly pure strike-slip regime within the Marlborough 
region, and highly oblique continental collision in the central South Island 
represented by the Alpine Fault (Wallace et al., 2012). The subduction of the Pacific 
Plate along the Hikurangi Trough eventually terminates in the south, marked by the 
intersection of the thick continental crust of the Chatham Rise.  
 
The Chatham Rise (a continental fragment), located near 43˚S, is thought to 
represent a pinning point where the forearc undergoes rapid rotation in response to 
along-strike heterogeneity of the buoyancy in the subducting Pacific Plate, and 
possible slab rollback at the Kermadec Trench (Wallace et al., 2012). As a result the 
tectonics blocks of the northeastern South Island have undergone rapid rotation 
whilst strike-slip bounded blocks south of this locality undergo negligible rotation 
(Little & Roberts, 1997; Wallace et al., 2012). Further south, the strike-slip plate 
boundary undergoes a shift to eastward subduction of the Australian Plate beneath 
the Fiordland region, resulting in the Puysegur Trench (Figure ‎1-4). Such changes in 
deformation are thought to arise due to along-strike variations and heterogeneity in 
the orientation of both the major plate boundary structures and direction of relative 
motion between the plates. 
 
The tectonics of New Zealand can therefore be viewed as two oppositely dipping 
subduction zones (Hikurangi and Fiordland) that are linked, and separated, by a 
transform fault system (Alpine Fault and Marlborough Fault System). There is a 
general consensus that the main features of the Australian-Pacific plate boundary 
began to arise and evolve in the mid-late Eocene with the development of actively 
subsiding basins in southwestern South Island that formed in response an 
extensional regime associated with seafloor spreading in the Emerald Basin south of 
New Zealand (King, 2000b) Following this, transcurrent movement on the Alpine 
Fault began around the late Oligocene to early Miocene (King, 2000b). 
 
Since the Oligocene Period, shortening in the upper plate has increased southward, 
reaching a maximum rate of 3-8 mm/yr in the southern North Island (Nicol et al., 
2007). Whereas upper plate shortening is a small proportion of the rate of plate 
convergence, of which >80% is accrued on the subduction thrust (Nicol et al., 2007), 
the rest is accommodated by strike-slip faulting of the upper crust. The principle 
zones of presently active faults that accommodate crustal shortening with 
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significance to the Pegasus Basin region are the North Island Dextral Fault belt, the 
Marlborough Fault System, the Hikurangi subduction margin forearc, and the 
Hikurangi subduction thrust (Field & Uruski, 1997; Litchfield et al., 2014).  
1.4.2 Structural subdivision of the region 
It is integral to consider the East Coast Basin’s evolution due to it’s proximal 
relationship with Pegasus Basin, as such paleo-reconstructions are necessary for 
drawing comparisons between depositional environments that may have been 
contemporaneous but are now divided by the tectonic features of the modern plate 
boundary. The Hawke’s Bay-Wairarapa area of the East Coast region can be divided 
into five structural blocks (Figure ‎1-5), based on the changes observed in facies, 
structure, and igneous content of Cretaceous and Paleogene aged strata (Moore, 
1988a). The five blocks are the Woodville, Pongaroa, Coastal, Aorangi, and Tora 
blocks. These structural blocks are grouped into two major, northeast-trending 
elongate sub-belts: 
x The Western Sub-belt, including the Motu, Woodville, Pongaroa, and Aorangi 
blocks, and; 
x The Eastern Sub-belt, including the East Coast Allochthon, Coastal and Tora 
blocks. 
Structural division of the East Coast region by Moore (1988a) was a pioneering step 
towards understanding the geological history of the East Coast Basin, and 
deciphering the complex tectonic overprint that has persisted since the onset of 
convergent margin tectonism in the late Oligocene to early Miocene and original 
stratigraphic complexities. 
 
Whilst no one model solely stands as an accurate representation of New Zealand’s 
pre-Neogene configuration, two main hypotheses currently exist: one proposing that 
the East Coast has moved as a rigid block, translated from its original location along 
the eastern margin of Gondwana to its current location via clockwise rotation of 
~100˚ (King, 2000a, 2000b; Wood & Stagpoole, 2007); and the other proposing little 
such rotation, rather such that the basin underwent establishment via translation of 
independent blocks along strike-slip faults to their present orientation along the East 
Coast of the North Island (Uruski, 1994; Field & Uruski, 1997). The first hypothesis 
implies that the southwest corner of Pegasus Basin acted as a long-lived hinge point 
around which the East Coast Basin rotated during the last 25 million years, where as 
the second hypothesis would have Pegasus Basin bounded to the northwest by a 
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series of strike-slip splays from the Alpine Fault in Marlborough (Uruski & Bland, 
2010). 
 
 
The margin-parallel model, first proposed by Walcott (1987), then modified by Rait et 
al. (1991), requires rotation of the East Coast region by at least 60˚, and the removal 
of 1.25 million km3 of crustal material (assuming a minimum initial thickness of 10 
km).  
 
Walley (1992) suggested through reconstructions that the East Coast region acted as 
a competent block and rotated clockwise by up to 90˚ during the Neogene. However 
this model did not consider crustal material to be removed in the orogenic process 
and the evolution of the East Coast Basin with strike-slip faulting (Uruski, 1994). 
Work by Delteil (1992) has suggested that 350 km of dextral strike-slip motion could 
Figure 1-5 - Simplified geological map and structural setting of the southern North 
Island showing the subdivisions proposed by Moore (1988a). ECB = East Coast 
Basin, EF= Ewe Fault, HF = Hungaroa Fault, ATF = Adams-Tinui Fault, TF = Tutu 
Fault. Sourced from Hines (2012). 
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have occurred along the Adams-Tinui Fault (Figure ‎1-5) in the Early Miocene, where 
deposited strata may have been carried south from the Raukumara allocthon. 
 
The margin-oblique model, first proposed by Uruski (1994) divides the East Coast 
region east of the Mohaka Fault (a southern strand of the North Island Dextral Fault 
Belt) into five belts adjacent to the main strike-slip faults; the Wairarapa/Pongaroa, 
Adams-Tinui, Akito and Shelf Edge systems. This model suggests a broad 
embayment within a subsiding passive margin (Uruski, 1994), although it did not 
posit a direction for sediment supply which would assist in understanding the 
evolution of depositional systems if such a model holds true. The model accounts for 
the Neogene dextral strike-slip motion, however Uruski (1994) notes that the paucity 
of data relating to the amount of translation on the major strike slip faults hinders 
accurate reconstructions. 
 
Delteil et al. (1996) also proposed dextral strike-slip deformation, suggesting 
northeast-trending faults in the coastal ranges may have accommodated up to c. 300 
km of total displacement under a polyphased Miocene structural regime. According 
to their model, during Waitakian times (25.2 Ma – 21.7 Ma) a thin-skinned, unrooted 
gliding unit of Albian greywacke was emplaced, followed by dextral strike-slip 
deformation during Pareora Series time (21.7 Ma – 15.9 Ma) that divided the coastal 
ranges into “strips” that are narrow and more numerous than the stratigraphic blocks 
proposed by Moore (1988a), with the patterns expected to extend offshore (Delteil et 
al., 1996), which has implications for the accretionary prism of East Coast Basin.  
 
Crampton et al. (2003) produced palinspastic maps of southeastern Marlborough for 
five intervals of Cretaceous and Paleogene time, based on a retro-deformed, pre-
Neogene geographic model. This was accomplished by taking account of 
displacement on five major bounding faults and the blocks between, distributed 
between-fault shortening, a uniform clockwise rotation of 100˚ about a vertical axis 
and a c. 30˚ rotation of the isopach thickness contours induced by restoring 
displacements on the principal faults (Crampton et al., 2003). Reconstructions reveal 
that the southeastern Marlborough region lay on the eastern side of a >120 km wide 
long-lived embayment within the shelf, termed the “Marlborough paleo-embayment”, 
which King et al. (1999) had mapped as a north-south trending, trough-shaped 
depocentre which linked the East Coast and Canterbury Basins in the latest 
Cretaceous. The Marlborough paleo-embayment is also used to describe a 
significant boundary in the sedimentary regime, separating dominantly biogenic 
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sediments in the paleo-east from mixed biogenic-siliciclastic sediments in the paleo-
west (Crampton et al., 2003). Crampton et al. (2003) conclude that restoration of 
paleogeography by retro-deformation is likely to be of most value where the amount 
of strain is high, regional paleoceanographic and paleoclimatic controls on 
sedimentary facies and biofacies are significant, and where isopachs are constrained 
by numerous robust data points. 
 
Recent findings on Pegasus Basin lean towards the strike-slip hypothesis, where by 
compressional faults seen on seismic are steep in nature, suggesting large 
components of strike-slip motion (Uruski & Bland, 2010), although seismic data 
cannot currently disprove either hypothesis. The most accurate reconstructions will 
probably result from a combination of consideration towards both strike-slip motion 
and rotation.  
 
1.4.3 The North Island Dextral Fault Belt 
The North Island Dextral Fault Belt (NIDFB) (also referred to as the North Island 
Fault System) is situated within and along the eastern margin of the North Island’s 
axial ranges (Figure 1-6), extending c.470 km and terminating against the eastern 
margin of the Taupo Rift Zone (Litchfield et al., 2014). The southern end of the 
NIDFB is along strike from strike-slip fault zones of the Marlborough Fault system, 
but the two systems are not connected directly beneath the Cook Strait (Pondard & 
Barnes, 2010; Litchfield et al., 2014). Fault zones within the southern end of the 
system strike northeast and are predominantly dextral strike-slip (Litchfield et al., 
2014), with uplift rates of 2.2 mm/yr (Ghani, 1978). Net slip rates on individual fault 
zones in the south are up to 11 mm/yr of dextral displacement (Carne et al., 2011), 
decreasing to no more than 2.5 mm/yr of dextral-normal displacement in the north 
(Litchfield et al., 2014) 
 
1.4.4 The Marlborough Fault System 
The Marlborough Fault System (MFS) comprises a series of east-north-east striking, 
right-lateral strike-slip faults (Figure 1-6) including the Wairau, Awatere, Clarence 
and Hope faults (Van Dissen & Yeats, 1991), with fault zone lengths ranging from c. 
18 to 145 km (Litchfield et al., 2014). Located in the northeastern South Island, the 
Marlborough Fault System is believed to link the Hikurangi subduction thrust at depth 
to the Alpine Fault (Litchfield et al., 2014), and accommodates most (≥80%) of the 
current relative plate motion through central New Zealand (Van Dissen & Nicol, 
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2009). The MFS has been interpreted to decrease in age southeastward, as a likely 
result of southward migration by the Hikurangi subduction thrust (Yeats & Berryman, 
1987; Little et al., 1998; Wallace et al., 2007). Net slip rates on faults zones of the 
Marlborough Fault Zone range from c. 0.1 to 25 mm/yr (Litchfield et al., 2014), with 
the highest rates expressed on the eastern section of the Hope Fault (Langridge et 
al., 2003). Whilst the majority of the fault zones are dextral strike-slip, several have a 
measurable dip-slip component which has resulted in the uplift of the Kaikoura 
Ranges (Van Dissen & Yeats, 1991). The Clarence Fault, for example, is believed to 
have initiated as a southward-directed thrust fault and has only accomplished dextral 
strike-slip translation in the last few million years (Browne, 1992). 
 
1.4.5 The Hikurangi subduction margin 
The Hikurangi subduction margin forearc is defined as the domain extending 
westward from the seafloor trace of the Hikurangi subduction thrust (Figure 1-6) to 
the North Island Dextral Fault Belt (Litchfield et al., 2014). The margin is 
characterized by an imbricated fore-arc wedge consisting of a late Cenozoic frontal 
accretionary prism, and a Cretaceous-Paleogene deforming backstop that are both 
overlain by Miocene to Recent cover sequences (Mountjoy & Barnes, 2011).  Many 
workers believe subduction at the Hikurangi Margin commenced 24 Ma ago 
(Ballance, 1976; Lewis & Pettinga, 1993; Nicol et al., 2007). The majority of faults 
within this domain are thrust faults that strike northeast within the submarine 
accretionary wedge, associated with hanging wall anticlines and footwall synclines 
(Barnes et al., 2010). Faults of the fore-arc wedge are typically seaward-verging, 
seen to propagate seaward into the incoming trench sequence (Barnes et al., 2010; 
Mountjoy & Barnes, 2011). A combination of the buoyant, oceanic Hikurangi Plateau, 
sediment underplating and localized upper plate faulting has resulted in the uplift of 
the inner forearc (coastal ranges), with local faults interpreted as upward splays from 
the subduction thrust (Litchfield et al., 2014). 
 
The Hikurangi subduction thrust runs from the southern end of the oceanic-oceanic 
crust subduction at the Kermadec Trench, to offshore northeastern Marlborough 
(Litchfield et al., 2014). The thrust intersects the seafloor along the western edge of 
the Hikurangi Trough, with a full net slip rate (i.e. including seismogenic and creeping 
components) that ranges from 54 +/- 6 mm/yr in the north, to 25 +/- 5 mm/yr in the 
south (Wallace et al., 2004). The western edge of the Hikurangi Trough is 
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characterized by frontal thrust-faulted anticlinal ridges and a proto-thrust zone 
(Barnes et al., 2010; Litchfield et al., 2014). 
 
Figure ‎1-6 - Structural and bathymetric features of Pegasus Basin, New Zealand (highlighted by 
the red inset). Map created from OMV New Zealand Limited database, including a bathymetry 
DEM produced by NIWA. 
 
1.4.6 Cook Strait 
Outcropping geology of the southern Wairarapa and northeastern Marlborough 
regions is thought to provide an analogue for Pegasus Basin, however these two 
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localities are separated by Cook Strait (Figure 1-6), a seaway joining the Tasman 
Sea and the Pacific Ocean that is 25 km wide at its narrowest point (Trewick & 
Bland, 2012). Cook Strait is thought to have formed during middle Pleistocene times 
(Lewis et al., 1994), including the canyon systems that lead eastward from it such as 
the greatly dissected 1800km2 Cook Strait Canyon complex, that feed sediment to 
the 3000 m deep Hikurangi Trough (Mountjoy et al., 2014)   
 
Cook Strait is located where the Tonga-Kermadec-Hikurangi subduction system 
changes from oceanic plate subduction into a trans-continental transform (Lewis et 
al., 1994), reflected by the strike-slip Marlborough Fault System and Alpine Fault 
(Barnes et al., 1998). Cook Strait is traversed by both active discontinuous, strike-slip 
faults and westward-dipping thrust faults that strike ~065˚, and give rise to a well 
developed ridge and basin topography (Mountjoy et al., 2009). These contrast 
against the continental slope of southern Wairarapa and Marlborough, which are 
dominated by NE-SW striking thrust faults (Mountjoy et al., 2009; Barnes et al., 
2010), and the SW-NE to WSW-ENE predominant structural trend in the South and 
North Islands (Wallace et al., 2012). Cook Strait has been interpreted as a clockwise-
rotated fault zone that once linked the Alpine and Wairau faults with the Hikurangi 
margin in Miocene and early Pliocene times (Barnes et al., 1998). Within the Cook 
Strait the most prominent strike-slip faults of the North Island Dextral Fault Belt are 
the Wairarapa, Wellington, and Ohariu faults, which have dextral slip rates estimated 
at 8-12 mm/yr, 6-7 mm/yr, and 1-2 mm/yr, respectively (Pondard & Barnes, 2010). 
Whilst there are no through-going fault traces connecting North and South Island 
faults, first order alignments exist between the Awatere Fault and the Wellington 
Fault, and the Kekerengu Fault in the South Island and the Boo Boo Fault and the 
Wairarapa Fault in the North Island as highlighted by Wallace et al. (2012). 
 
Fault generated relief within Cook Strait produces both an extremely high rate of 
sediment supply as well as providing structural control of bathymetric highs and 
troughs that contribute to canyon complex development (Mountjoy et al., 2009). 
Annual rates of sediment supplied by the Wairau and Awatere rivers, the two largest 
rivers in the northeast South Island, is ~1.05 million tonnes per year suspended 
sediment and bedload (Hicks & Shankar, 2003; Mountjoy et al., 2009). Sediment that 
enters Cook Strait is ultimately fed into the deep-water Kermadec Trench by a series 
of tributary canyons in the southwest; the Hikurangi, Kaikoura, Cook Strait and 
Pahaoa canyons (Lewis et al., 1994).  
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1.4.7 The Hikurangi Channel and Trough 
There are several canyon systems that feed into Pegasus Basin, these being 
tributaries of the Hikurangi Channel system. The Hikurangi Channel system is the 
dominant feature of the Hikurangi Trough, a c. 800 km long axial depression 
associated with the Hikurangi subduction margin (Bland et al., 2014). It is estimated 
that Kaikoura Canyon head annually traps 1,500,000 m3 of mud, sand and gravel 
that is delivered to the Hikurangi Trough through seismically-induced collapses 
(Lewis & Barnes, 1999; Lewis & Pantin, 2002). Kaikoura Canyon is 60 km long, and 
up to 1200 m deep, situated at an oceanographic boundary where the north flowing 
(cold water) Southland Current converges with eddies of the south flowing (warm 
water) East Cape Current (Lewis & Barnes, 1999) There are a dozen or so canyons 
located at the southern end of the Hikurangi Trough that only incise the outer 
continental shelf, and only intercept significant shelf sediment transport systems 
during glacial periods (Herzer, 1979; Carter, 1992).The Hikurangi Channel (Figure 1-
6) has a meander length of 30-40 km and meander belt width of approximately 25 
km, with a prominent levee system attributed to Coriolis- and centrifugal-forced 
turbidity current overspill (Bland et al., 2014), best developed on the outside of bends 
on the left bank (Lewis & Pantin, 2002). 
 
1.4.8 Chatham Rise 
The east-west oriented Chatham Rise is defined as a bathymetric margin greater 
than 1000 km long (Davy, 2014), extending east from the South Island toward the 
Chatham Islands (Figure 1-6). Water depths along the crest of the rise average about 
500 m, and can be less than 100 m, and as deep as 3000 m (Uruski & Bland, 2010). 
Seismic sections across the base of the northern margin of the Chatham Rise show 
a subducting basement at the northern slope of the Chatham Rise which led Davy 
and Wood (1994) to interpret a north-south subduction of the Hikurangi Plateau 
beneath the northern Chatham Rise. The northern limit of the bathymetric Chatham 
Rise is generally assumed to represent the Cretaceous Gondwana margin, where 
the buoyant Early Cretaceous-aged Hikurangi Plateau began subduction from the 
NNE (relative to the present-day eastern South Island) at 110 Ma, post breakup of 
the Ontong Java/Manihiki/Hikurangi Plateaux c. 120-115 Ma (Davy, 2014). 
1.5 Previous work in the Pegasus Basin 
Previous studies of the Pegasus Basin are few, with most of them taking an 
academic approach to an area situated adjacent to the subduction zone. However, in 
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light of technological advancements in deep-water exploration, the region has 
received more attention from hydrocarbon explorers. 
 
In 1997, GNS Science released a geological monograph titled “Cretaceous-Cenozoic 
Geology and Petroleum Systems of the East Coast Region, New Zealand” as the 
East Coast region component of the Cretaceous-Cenozoic Project (Field & Uruski, 
1997). Whilst this report did not focus specifically on the Pegasus Basin itself, it was 
the first to summarize the geology and petroleum systems of the East Coast Basin at 
large, an area of 75,000 km 2 extending 500 km from East Cape in the northeast to 
Kaikoura in the southwest. 
 
Field and Uruski (1997) concluded that the East Coast Basin stratigraphy could be 
broadly defined by three depositional elements, each differing with tectonic evolution: 
1. Cretaceous-aged rocks that range from paralic sandstones to bathyal 
mudstones and flysch that were deposited in a variety of compressional and 
extensional tectonic settings prior to and during the break up of the eastern 
margin of Gondwana; 
2. Latest Cretaceous and Paleogene rocks that consist mainly of mudstone and 
micrites, representing passive margin subsidence as the New Zealand region 
deepened due to post-rift foundering; 
3. Miocene rocks dominantly consisting of bathyal flysch and mudstone, 
punctuated with neritic sands and limestones, and Pliocene rocks 
characterized by alternating siliciclastics and coarse bioclastic limestones. 
This third and final element reflects inception of the modern plate boundary. 
 
The Paleocene Waipawa Formation is suggested to be the most likely source rock 
found in the deeper parts of the East Coast Basin, with TOCs around 2-6% and S2 
hydrocarbon yields of 5-20 kg per tonne of rock, with a combination of gas and oil 
potential (Field & Uruski, 1997). The Cretaceous-Paleocene Whangai Formation was 
also inferred by Field and Uruski (1997) as a source rock with generative potential, a 
widespread marine mudstone underlying the Waipawa Formation. In addition, earlier 
Cretaceous rocks with detrital organic matter were also suggested.  
 
Field and Uruski (1997) also made recommendations regarding potential reservoir 
units for onshore areas of the East Coast Basin. These units included terrestrial fan 
and alluvial conglomerates, paralic and shelfal sand bodies, slope and channel 
systems, bathyal fan deposits, shallow marine limestones and units containing 
21 
 
secondary fracture porosity. Late Cretaceous sandstones locally were found to 
possess good porosity and permeability characteristics, although most Cretaceous 
units are generally tighter. Potential reservoirs for the Paleogene are likely to be 
found within fractured siliceous shales and infrequent greensand units. Miocene 
sands were proposed to contain excellent reservoir potential, although quality is 
variable in bathyal units. Limestones of Pliocene age are also inferred to have very 
good potential, although quality decreases with increasing age and burial. 
 
Maturation modelling has also been undertaken by Field and Uruski (1997), and 
suggests considerable variability in the timing of generation and expulsion within the 
East Coast Basin. They concluded that most of the generation from the basins 
source rocks occurred over the last few million years, during or after the deposition of 
reservoir units and the main development of structural closures. Variations in 
expulsion timing are suggested to be due to kinetic parameters, where shallower 
Paleocene type II sources rocks generate oil and gas before more deeply buried 
Cretaceous type III source rocks. 
 
Uruski and Bland (2011) presented findings on the PEG09 seismic survey. They 
described the history of tectonic events and basin-wide geology through seismic 
interpretation, providing initial grounds for play assessments and economic reserves 
through modelling. Seismic analysis of 25,000 km2 of Pegasus Basin revealed a 
sedimentary succession more than 10,000m thick, situated in water depths between 
200m along the basin flanks to nearly 3000m, with much of the basin more than 
2000m deep.  
 
Whereas input parameters for Pegasus Basin modelling such as heat flow, source 
rock properties, and the velocity model remain poorly constrained, the mapped 
thickness of offshore strata show that certain areas of the basin have reached 
maturity for petroleum expulsion. Results from Uruski and Bland (2011) suggest that 
around 100 billion barrels of oil and 400 TCF of gas may have been expelled from 
mature source rocks since the Early Cretaceous, although only a small fraction of 
this is likely to have been trapped in the basin. Three source rock intervals were 
modelled; “Paleocene-Eocene”, “Late Cretaceous, and “Early Cretaceous” for which 
TOC contents ranged 1-2% and HIs of 300mg/g. Peak expulsion of oil and gas is 
thought to have occurred between 100 and 30 Ma depending on location, and It is 
thought that expulsion is still ongoing in the west of the basin near Cook Strait 
(Uruski & Bland, 2010). 
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Uruski and Bland (2011) identified six potential plays within the PEG09 survey that 
carry large traps and direct hydrocarbon indicators. These included: 
 
1. Thrust anticline plays along the margin with the accretionary wedge of the 
East Coast Basin, similar to those observed within the East Coast Basin; 
2. A thrust anticline play along the fossil Gondwana margin, now the northern 
slope of the Chatham Rise; 
3. Blind thrusts in Neogene turbidites in front of the East Coast accretionary 
wedge; 
4. Traps created beneath an interpreted gas hydrate layer, identified by 
topography of a bottom simulating reflector (BSR); 
5. Stratigraphic pinch-outs of Neogene turbidite sands against the north 
Chatham slope, and; 
6. Compound stratigraphic/BSR traps, particularly along the upper Chatham 
slope. 
 
Seismic interpretation of the basin by Uruski & Bland (2010) was largely completed 
without well ties, as the nearest wells Titihaoa-1 and Tawatawa-1 are 150km and 
200km away, respectively. Neither well provided a tie to pre-Middle Miocene 
successions as both wells had a TD in Miocene strata. Therefore, seismic 
interpretation was completed largely on the basis of seismic architecture, inferences 
about the similarities in the seismic character to other basins in New Zealand, such 
as the bright reflector common in many New Zealand basins for Oligocene-aged 
limestones (Uruski, 2010).  
 
Whilst work by Uruski and Bland (2011) is considered a pioneering step towards 
understanding the geology of Pegasus Basin, it focused entirely on seismic 
interpretation and basin modelling, and only briefly considered the outcropping 
geology of the southern Wairarapa and northeastern Marlborough regions within an 
appendix. 
 
Recently GNS and NIWA (2013) released Petroleum Report Series PR4915, a series 
of sub-reports that revealed further findings on the basin. These findings were made 
using the data collected from the Ocean Survey 20/20 programme, conducted using 
the RV Tangaroa.  
 
23 
 
Work compiled for PR4915 has given greater insight into the morphology of the sea 
floor within the Pegasus Basin (Figure ‎1-7), with the addition of contemporary maps 
that have extended coverage to the North and East. 
 
Figure ‎1-7 - Sediment waves observed on the sea floor of Pegasus Basin. These sediment waves 
are c. 1.5km from crest to crest and c. 10m high. The white inset box indicates the extent of the 
TAN1307 survey acquired by NIWA, whilst the red box delineates the location of the sediment 
waves. Image sourced from GNS Science and NIWA (2013).  
 
Within PR4915, work compiled by Bland et al. (2014) synthesized the latest findings 
on Pegasus Basin. Reservoir facies for Pegasus Basin are suggested to be found 
within deep-water slope fan and basin-floor fan turbidite deposits in the Neogene 
succession. Good reservoir properties are expected to be found in sediments derived 
from the quartz-rich terranes of the South Island, whereas sediment sourced from the 
Torlesse composite terrane in the lower North Island, upper South Island, and 
Chatham Rise regions, composed of low-grade metasedimentary and volcaniclastic 
sediments, might lead to relatively degraded reservoir properties (Bland et al., 2014).  
 
Bland et al. (2014) also suggest that central parts of Pegasus Basin, adjacent to the 
Hikurangi subduction front, appear to offer the best prospectivity as here the basin 
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attains its greatest overall thickness of sedimentary fill and onshore geology with 
known source rocks can be extrapolated offshore into the area. 
 
Two additional play types in Pegasus Basin are suggested by Bland et al. (2014) in 
addition to those identified by Uruski and Bland (2011). These include stratigraphic 
drape involving Cretaceous-Paleogene reservoirs over basement features, such as 
above the Hikurangi Plateau, and stratigraphic traps within the Hikurangi Channel 
system, involving late Neogene reservoirs. 
 
Potential seals that may be present within Pegasus Basin include intra-formational 
seals, possible massive Neogene mudstones, marls and the BSR (Bland et al., 
2014). 
1.6 Study Localities 
1.6.1 Seismic Locality  
Pegasus Basin owes it’s recent recognition and discovery to the PEG09 survey 
(Figure ‎1-8), shot by Reflect Geophysical (Reflect) with the M/V Bergen Resolution, 
now known as the M/V Reflect Resolution, between November 2009 and March 2010 
(RPS Energy Pty Ltd, 2010). The New Zealand Government acquired the survey in 
order to stimulate hydrocarbon exploration interest in the area, obtaining 3200 km of 
high quality 2D seismic data that included the Seismic Array Hikurangi Experiment 
(SAHKE) research lines that image the plate boundary through the Wellington region. 
 
The survey consists of 17 NW-SE and ENE-WSW oriented lines, covering an area 
centered 105 km southeast of Wellington that is almost trapezoidal in shape (RPS 
Energy Pty Ltd, 2010).  The M/V Reflect Resolution towed a single MSX solid gel-
filled digital streamer of 10,000 metres length, using a source array comprised of four 
sub-arrays, reducing down to three arrays later in the survey (RPS Energy Pty Ltd, 
2010). The air guns were Bolt APG 8500s running 2000 psi, streamed at 6 m depth 
with a shot spacing of 37.5 m for all lines except SAHKE, which was acquired with a 
100 m ship spacing. 
 
The total effective volume was 5400 cubic inches for all lines except SAHKE, which 
had a total volume of 6000 cubic inches. The SAHKE lines were recorded by an 
array of ocean bottom seismometers and land-based seismometers, although only 
the seismic reflection data were available for this study. Group spacing was 12.5 m, 
providing 800 active channels. The streamer was towed at a depth of 9 m, but this 
25 
 
was increased to 14 m to reduce wave noise during periods of rough weather. The 
data were recorded using 400 Gb LTO-3 tape on an ION MSX 24-bit digital system 
using 400 Gb LTO-3 tape. The sample interval used was 2 ms and data were 
recorded for 12 seconds, except for SAHKE which recorded for 15 seconds. The low 
cut filter was 1.98 HZ @ 3dB/Oct, and the high-cut filter was 205.9 Hz @ 256 dB/Oct. 
The water depths across the Pegasus Basin survey area ranged from approximately 
140 m to 2,800 m. The PEG09 survey was then processed to pre-stack time 
migration by GeoTrace in Kuala Lumpur and final sections were delivered in late 
2010.  
 
Figure 1-8 - Study localities within and adjacent to Pegasus Basin, including the distribution of 
the PEG09 survey (red lines), and outcrop localities visited (red circles). The SAHKE-001 line 
(also included in the interpretation of this study) is highlighted by the yellow line. Map created 
from OMV New Zealand Limited database, including a bathymetry DEM produced by NIWA. 
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1.6.2 Outcrop Localities 
To characterize the offshore geology of Pegasus Basin, analogue outcrop 
representatives from Cretaceous, Paleogene and Neogene strata were examined. 
These spanned the Kaikoura, Marlborough, and southern Wairarapa regions 
(Figure ‎1-8) in order to cover the length of the coastal perimeter of Pegasus Basin. 
Selection of these outcrop localities was largely based on the comprehensive field 
mapping of the regions by the many geologists that are employed or were formerly 
employed by GNS Science and its organisations. These locations have variable, but 
generally adequate biostratigraphic data, most of which was collected by these other 
workers and dated by GNS staff. 
 
The outcrop localities examined are only a selection of many available that could be 
studied to explain the geological complexities that exist within the northeastern 
Marlborough and southern Wairarapa regions. However, these outcrop localities 
provide representative and well-exposed examples of facies and lithologies typical of 
the depositional environments that are inferred to be present in Pegasus Basin, and 
will be used in conjunction with seismic data to relate with distal and offshore 
equivalents. For further detail on outcrop localities, please refer to Chapter 3 (Section 
3.3 - Selected outcrop localities). 
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2 Geological history of Pegasus Basin 
2.1 Tectonic History 
 
Pegasus Basin is believed to have once existed as a contiguous entity with 
Raukumara and East Coast Basins, only becoming a separate physiographic feature 
with the inception of the Hikurangi subduction zone at the beginning of the Neogene 
(Bland et al., 2014). Post-separation ~90 Ma, Pegasus Basin lay along the Pacific 
passive margin of proto-New Zealand as one of a series of depocentres (Figure 2.1), 
including the Chatham Slope, East Coast, Raukumara and Northland slope basins 
(Uruski & Bland, 2010; Bland et al., 2014). Four main phases of tectonism are 
suggested by Bland et al. (2014) that have influenced the formation and development 
of Pegasus Basin to varying extents: 
 
x Mesozoic subduction along the ancient Gondwana margin; 
x late-Early to early-Late Cretaceous cessation of compressional faulting and 
subduction; 
x Late Cretaceous-Paleogene thermal subsidence resulting from conductive 
cooling of the underlying, partially subducted Hikurangi Plateau; 
x Development of the modern plate boundary, establishing a convergent and 
compressional tectonic regime. 
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This chapter will discuss the four main phases of tectonism outlined above, and will 
investigate the ways in which they influenced basin inception and development into 
the physiographic feature that is Pegasus Basin today. The sedimentation styles 
associated with these phases of tectonism are discussed in context, referring to the 
outcropping geology of the southeastern Wairarapa and northeastern Marlborough 
regions and the trends that were apparent during basin development. The lateral 
extent, age ranges, and relationships of formations and groups of the Wairarapa and 
Marlborough regions can be seen in Figure ‎2-2 and Figure ‎2-3, respectively.  
Figure 2-1 - Possible plate reconstruction and basin configuration of 
Pegasus Basin and other marginal Gondwana basins. Image sourced from 
Bland et al. (2014). 
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Figure ‎2-2 - Generalised chronostratigraphic chart for the Wairarapa with results of ODP 1124 for 
comparison. Compiled from multiple sources including Field & Uruski (1997), Lee and Begg 
(2002) and references therein. Sourced and adapted from (Bland et al., 2014). 
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Figure ‎2-3 - Generalised chronostratigraphic chart for the Marlborough region with the Chatham 
Islands chronostratigraphy for comparison. Compiled from multiple sources, including Wood et 
al. (1989), Field & Uruski (1997), Rattenbury et al. (2006) and references therein. Sourced and 
adapted from (Bland et al., 2014). 
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2.1.1 Mesozoic subduction  
 
During Late Paleozoic to Mesozoic times, Pegasus Basin did not exist as a separate 
geological entity, but was part of the Pacific-facing Gondwana continental margin 
(Laird & Bradshaw, 2004) and contiguous with the Chatham Slope, East Coast, 
Raukumara and Northland Slope basins (Figure ‎2-1). During that time, large volumes 
of sediment were deposited in, and  adjacent to, the Gondwana subduction trench 
(MacKinnon, 1983), and accreted onto the Gondwana  continental margin (Uruski, 
2014). An accurate paleo-orientation of the Gondwana subduction margin still 
remains to be established, although most reconstructions place the basins in a more-
or-less continuous chain along the margin (Uruski & Bland, 2010; Bland et al., 2014).  
Pegasus, East Coast and Raukumara basins and the Chatham Rise represented the 
outboard (eastern) edge of the New Zealand region, and the youngest part of the 
convergent margin system (Laird & Bradshaw, 2004). Collision of the Early 
Cretaceous-aged Hikurangi Plateau, a large igneous province (LIP), with the 
Chatham Rise Gondwana subduction margin is thought to have choked subduction 
(Bradshaw, 1989; Wood & Davy, 1994; Luyendyk, 1995; Davy et al., 2008; Davy, 
2014). Subduction persisted until 110 Ma when the Hikurangi Plateau first entered 
the Gondwana margin (Figure ‎2-4), leading to offset and rotation of the margin at 105 
Ma, and full cessation by 100 Ma (Davy, 2014).  Entry of the Hikurangi Plateau into 
the Gondwana subduction margin at 110 Ma is consistent with the simultaneous 
onset of extension in the Gondwana margin (Mortimer et al., 1999; Mortimer et al., 
2002). The change in tectonic regime from convergent to extensional resulted in the 
formation of a major, New Zealand-wide, diachronous angular unconformity ranging 
from late early to late Albian (Urutawan to early Motuan) (Laird, 1981a, 1991; Laird et 
al., 1994; Laird & Bradshaw, 2004). 
 
Late Cretaceous extension, whilst critical to the formation of petroleum system 
elements in other basins of the New Zealand region, i.e. Taranaki Basin (King & 
Thrasher, 1996), has had little apparent effect in Pegasus Basin (Uruski & Bland, 
2010). Seismic data have revealed many extensional faults within the Hikurangi 
Plateau (Davy et al., 2008; Uruski & Bland, 2010), interpreted to have formed during 
break up of the Ontong-Java-Hikurangi Plateau ~ 120 Ma, and early Late Cretaceous 
extensional faulting is also reported in Marlborough (Crampton et al., 2003, see 
Figure 6). A second and distinct phase of volcanism occurred within the Hikurangi 
Plateau about 20 million years after the plateau-forming event (Taylor, 2006; Hoernle 
et al., 2010), synchronous with volcanism on the Chatham Rise and in the onshore 
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Canterbury region. This volcanism (e.g. Mt Tapuae-o-Uenuku, Blue Mountain) 
occurred for c. 10 My from the end of Gondwana subduction, and may be associated 
with some of the extensional faults seen in the Hikurangi Plateau, although some 
may result from large-scale bending of the thick crustal block as it was thrust below 
the East Coast and Marlborough (Uruski & Bland, 2010). Extensional basin-forming 
faults that are hinged to the south are described along the crest of the Chatham Rise 
(Wood et al., 1989), and are generally less than 20 km wide, interpreted on seismic  
and satellite gravity anomaly data to be up to 700 km long with >3 km of sediment fill 
(Davy, 2014).  
2.1.2 Late-Early to early-Late Cretaceous compressional faulting  
 
Pegasus Basin contains an Early Cretaceous succession that records the last stages 
of a Mesozoic compressional regime that existed along the Gondwana margin 
(Uruski & Bland, 2010) until subduction ceased ~100 Ma. During Permian-
Cretaceous times the Torlesse Supergroup was deposited as a series of distinct 
terranes: the Rakaia, Esk Head, Pahau, and Waioeka terranes (Lee & Begg, 2002; 
Rattenbury et al., 2006). The Torlesse Supergroup comprises sandstone-dominated, 
turbiditic sedimentary successions deposited in fan delta to mid-fan environments 
(Adams et al., 2013). The Pahau terrane of the Torlesse Supergroup extends from 
the Urewera district in the North Island, to North Canterbury in the South Island, and 
possibly along the north flank of the Chatham Rise (Adams et al., 2013), although it 
is absent in the Chatham Islands (Wood et al., 1989; Adams et al., 2008). Pahau 
Terrane is Early Jurassic to Early Cretaceous in age, deposited in shallow marine 
(deltaic) to deep-water submarine fan settings (MacKinnon, 1983; Bassett & 
Orlowski, 2004) and equivalents are inferred to exist offshore in Pegasus Basin, 
possibly within the Chatham Rise accretionary prism. Uruski & Bland (2010) have 
interpreted the Early Cretaceous succession of Pegasus Basin to reflect three 
components and a lateral transition of mid-Cretaceous subduction at the Gondwana 
margin: 
 
1. Highly tectonised Torlesse Supergroup accreted to the relict Gondwana 
margin; 
2. Age-equivalent, broadly folded and faulted strata in the process of accretion; 
and 
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3. Undeformed age-equivalent strata, outboard of the Gondwana subduction 
front.
Figure 2-4 – Plate tectonic reconstruction of New Zealand during Albian time, based 
on reconstructions by Sutherland et al. (2001). Mid-Cretaceous compressional 
faulting observed in Pegasus Basin is likely attributed to subduction of the 
Hikurangi Plateau, which first entered the Gondwana margin at 110 Ma (Davy, 2014).  
In this reconstruction and subsequent examples in this chapter, grey indicates 
continental crust, present day coastlines are shown, heavy dashed lines are paleo-
subduction margins, and heavy solid lines are spreading axes. Fracture zones are 
indicated by light dotted lines, and hatched lines in this example represent the 
Murihiku sedimentary basin. The red polygon indicates the paleo-location of 
Pegasus Basin. The Hikurangi Plateau is shown in green, where dark green 
indicates the current extent of the plateau, and light green indicates now subducted 
crust, after Reyners et al. (2011). Image sourced and adapted from Uruski (2014). 
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Early Cretaceous strata outboard of their imbricated, age-equivalents in the process 
of accretion are structurally and probably metamorphically different, likely to be 
comparable with the onshore mid-Cretaceous basin-fill cover rocks (Bland et al., 
2014). Where exposed in the Chatham Islands, Marlborough, and southern 
Wairarapa, the Torlesse Supergroup is weakly to moderately metamorphosed, with 
metamorphic grade decreasing northwards in the Chatham Islands and apparently 
eastwards in the Wairarapa (Wood et al., 1989; Field & Uruski, 1997). This trend is 
expected to occur in Torlesse-equivalents of Pegasus Basin, where metamorphic 
grade of the Chatham Rise accretionary prism and Early Cretaceous strata decrease 
northwards into the basin. The Early Cretaceous strata of the outer edge of the 
Chatham Rise accretionary margin are frozen in the process of accretion, displaying 
northwest or north verging thrusts and back thrusts, with a dominant structural style 
of fault bend folds (Uruski & Bland, 2010). Early Cretaceous strata in Pegasus Basin 
of this tectonic nature are likely to be equivalents of the Pahaoa Group of Wairarapa 
(Begg & Johnston, 2000; Lee & Begg, 2002), and the Coverham Group of 
Marlborough (Rattenbury et al., 2006), intercalated with upper layers of the Hikurangi 
Plateau. Upper layers of the Hikurangi Plateau are thought to consist of lithic tuff, 
bioturbated limestone, chert, claystone, and thin organic-rich claystone intercalated 
with pillow lavas (Sikora & Bergen, 2004). It is likely that some of these sediments 
have been scraped off the subducting LIP and incorporated in the Chatham Rise 
Torlesse Supergroup and equivalents during accretion. 
 
The youngest detrital zircon age components in the Pahau Terrane (Adams et al., 
2013) support sedimentological evidence (Begg & Johnston, 2000; Mazengarb & 
Speden, 2000; Lee & Begg, 2002; Laird & Bradshaw, 2004) that indicates a rapid 
transition at the Gondwana margin occurred during late Albian time (104-102 Ma), 
from accretionary-style sedimentation in the basement to passive-margin style in the 
overlying cover successions. The oldest cover successions onshore are late Early 
Cretaceous, such as the late Albian (c. 106 Ma) Champagne Formation of 
Marlborough (Montague, 1981; Crampton et al., 2004) which rest unconformably on 
Pahau Terrane basement with youngest detrital zircon age components of 111 ± 3 
Ma and 104 ± 1 Ma (Adams et al., 2013).  Pahau Terrane of Wairarapa displays a 
younger age range from Early Cretaceous to the lower Late Cretaceous (Adams & 
Graham, 1996). A high-amplitude, strong, regional erosional unconformity has been 
described in Pegasus Basin that truncates the Torlesse Supergroup of the Chatham 
Rise accretionary prism (Uruski & Bland, 2010). The erosional unconformity is 
interpreted to be of Albian age (Urutawan to Motuan), marking regional isostatic uplift 
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and erosion during cessation of subduction in response to slab detachment of the 
Hikurangi Plateau (Uruski & Bland, 2010; Uruski, 2014). Onshore the diachronous 
nature of the unconformity surface is thought to reflect ongoing deposition in 
localized syn-tectonic basins adjacent to areas of uplift and erosion associated with 
cessation of subduction along the Gondwana margin (Laird & Bradshaw, 2004).  
 
The transition from basement Torlesse Supergroup terranes to “cover” rocks is 
difficult to pinpoint in the Wairarapa and Marlborough regions (Lee & Begg, 2002; 
Rattenbury et al., 2006). In Wairarapa the Pahoa Group is placed within the Torlesse 
Supergroup, and the overlying Mangapurupuru Group is thought to represent cover 
(Spörli, 1978; Barnes, 1990; Barnes & Korsch, 1991; Crampton, 1997; Field & 
Uruski, 1997; Begg & Johnston, 2000). Limited fossil evidence indicates that at least 
some Pahaoa Group “basement” rocks are Motuan in age, and at least some of the 
overlying Mangapurupuru Group are of the same age (Crampton, 1997) and from the 
same sediment source (Laird & Bradshaw, 2004), indicating that the intra-Motuan 
(Albian) unconformity is of very limited duration. In Marlborough distinction of the 
unconformity cannot always be defined on the basis of metamorphic grade, degree 
of induration or by changes in clastic composition (Montague, 1981; Powell, 1985), 
although it is also of intra-Urutawan age (late Early Albian) and of very short duration 
(Crampton et al., 2004). 
 
2.1.3 Thermal subsidence and passive margin development 
 
The cessation of subduction and onset of extension within the Gondwana margin 
(Figure ‎2-5) during late early to late Albian times (Laird & Bradshaw, 2004) marked 
the beginning of passive margin development, in which subsidence dominated for 
around 80 Ma as a first-order transgression (King et al., 1999) until the establishment 
of subduction at the modern plate margin (Uruski & Bland, 2010).  
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Figure 2-5 - Plate tectonic reconstruction of New Zealand during early Late 
Cretaceous time, based on reconstructions by Sutherland et al. (2001). Subduction 
at the Gondwana margin ceased by 100 Ma (Davy, 2014), with partial subduction of 
the Hikurangi Plateau.  During this time Pegasus Basin had began passive margin 
subsidence due to thermal-relaxation of the LIP. Image sourced and adapted from 
Uruski (2014). 
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2.1.3.1 Cretaceous “cover” sequences of Marlborough and Wairarapa 
 
Rocks of the Coverham Group (Lensen, 1978) present the earliest cover succession 
in the Marlborough region (Figure ‎2-6) (Ritchie & Bradshaw, 1985; Crampton et al., 
1998), and were probably deposited in fan-delta complexes that filled fault-controlled 
depressions (Reay, 1993) with up to 2000 m of coarse-grained sediments of mainly 
gravity flow origin (Laird, 1992; Laird et al., 1994).  Olistostromes, debris flows, and 
other coarse-grained sediment gravity flow deposits commonly occur above the 
Albian unconformity surface (Laird et al., 1994), and in some places, cut into 
underlying Pahau Terrane basement (Laird, 1981b; Montague, 1981; Powell, 1985; 
Reay, 1993). The group has a basal age of late Early Cretaceous (Crampton et al., 
2004), which makes it partly age equivalent to Pahaoa Group basement and 
Mangapurupuru Group cover rocks in the Wairarapa region (Crampton, 1997). 
 
The beginning of the Early to Late Cretaceous sedimentary passive margin 
succession in southern Wairarapa is subdivided into two structurally and 
stratigraphically distinct regions, referred to as the Western and Eastern Sub-belts 
(Moore, 1988a). The two sub-belts are separated by the Adams-Tinui Fault, a large 
structure that extends for over 200 km sub-parallel to the Wairarapa coastline. The 
Western Sub-belt “cover” sequence is Early to early-Late Cretaceous in age, and 
comprises the Mangapurupuru Group (Crampton, 1997). Pahaoa Group basement 
rocks are overlain unconformably by olistostromes and mudstone, which are overlain 
in turn and unconformably by the mudstone-dominated Tinui Group (Figure ‎2-2).  In 
the Eastern Sub-belt the Mangapurupuru Group does not occur, and the oldest cover 
succession is the Ngaterian to Haumurian Glenburn Formation 
(Figure ‎2-2,Figure ‎2-6) (Crampton, 1997). Glenburn Formation is dominated by 
alternating sandstone and mudstone, and conglomerate, and is over 1100 m 
thickness in places (Crampton, 1997). It is inferred to have been deposited by mass 
flows and turbidity currents on a submarine fan. Rocks of the Eastern Sub-belt, for 
example the Cretaceous-Paleogene succession at Tora, southeastern Wairarapa 
(Hines et al., 2013; Bland et al., 2014) offer an onshore analogue for equivalents 
found in Pegasus Basin. 
 
The Coverham Group of Marlborough is overlain unconformably by the Wallow 
Group (Reay, 1993), where deposits rest with up to 47˚ angular unconformity on the 
Coverham Group (Crampton et al., 2004) or Pahau Terrane, and may rest 
conformably on Coverham Group to the east (Laird, 1992). The Wallow Group 
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includes fluvial, paralic and shallow-marine lithofacies, as well as basaltic volcanics 
(Rattenbury et al., 2006), which were mostly deposited c. 90 to 100 Ma (Reay, 1993; 
Baker & Seward, 1996; Crampton et al., 2004). Thick-bedded sandstone (locally 
carbonaceous), mudstone and conglomerate are the main lithologies (Rattenbury et 
al., 2006), and in places the group contains thin coal seams deposited in fluvial and 
coastal plain settings (Browne & Reay, 1993). The base of the Wallow Group is 
Ngaterian (Crampton et al., 2004), and the unconformity separating underlying 
Coverham Group or Pahau Terrane from overlying Wallow Group is thought to have 
resulted from reactivated tectonic activity (Laird, 1992). 
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Figure 2-6 - A) Fine sandstone beds interbedded with carbonaceous mudstones, overlain 
by massive, medium amalgamated sandstone within Late Piripauan Glenburn Formation 
on the Tora shore platform, southeastern Wairarapa. Glenburn Formation is the oldest 
“cover” succession in the Eastern Sub-belt, Wairarapa. B) Well-bedded Split Rock 
Formation of the Coverham Group onlaps Pahau Terrane in Wharekiri Stream, northeastern 
Marlborough. Rocks of the Coverham Group represent the oldest “cover” sequence in 
Marlborough. Figure for scale. 
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Rocks of the latest Ngaterian to Teratan Hapuku Group (Laird et al., 1994; Crampton 
& Laird, 1997) are structurally subdivided by the syn-sedimentary Ouse Fault, such 
that to the west of the fault the group unconformably overlies Wallow Group, and to 
the east of the fault unconformably overlies Pahau Terrane. The Hapuku Group west 
of Ouse Fault consists of the Nidd and Willows formations, composed of epiclastic 
conglomerate of basaltic composition (Reay, 1993), fossiliferous siltstone, and very 
fine sandstone that is commonly glauconitic (Rattenbury et al., 2006). East of the 
Ouse Fault, Hapuku Group consists of the Burnt Creek Formation (Lensen, 1978), 
composed of a basal poorly sorted conglomerate containing clasts of sandstone, 
mudstone, quartzite, chert and felsic volcanic and plutonic rocks, which grade 
upwards into pebbly mudstone, sandstone and siltstone (Rattenbury et al., 2006).  
Hapuku Group rocks east of the Ouse Fault are inferred to have been deposited into 
a tectonically-controlled basin during the mid-Late Cretaceous (Crampton & Laird, 
1997). 
2.1.3.2 Latest Cretaceous to Paleogene passive margin sequences of Marlborough and 
Wairarapa 
 
By the latest Cretaceous (70 Ma), seafloor spreading was well established in the 
Tasman Sea and South Pacific (Figure ‎2-7) and lead to the gradual separation of the 
Zealandia segment from the eastern Gondwana margin (Sutherland et al., 2001). 
Most of the New Zealand continental region was tectonically quiescent during this 
time, although a rift system developed through the Taranaki and Northland basins 
that was almost orthogonal to the older back-arc rift (King & Thrasher, 1996; 
Sutherland et al., 2001; Uruski, 2014). Pegasus Basin remained tectonically 
unperturbed, and passive margin subsidence and deposition continued. Passive 
margin subsidence in Pegasus Basin is inferred to have been in response to thermal 
relaxation of the partially subducted Hikurangi Plateau (Bland et al., 2014), when 
cooling and increasing density within the LIP lead to a subsiding margin.  
 
In Marlborough, rocks of the Late Cretaceous (Piripauan-Haumurian) Seymour 
Group (Reay, 1993) generally consists of sandstone and overlying mudstone 
(Rattenbury et al., 2006). The Paton Formation, located at the base of the group, 
unconformably overlies Bluff Sandstone (Reay, 1993), and is locally scoured into the 
Hapuku Group (Crampton & Laird, 1997), or conformably and gradationally overlies 
the Burnt Creek Formation (Field & Uruski, 1997). The Paton Formation is inferred to 
have formed in an inner to mid-shelf environment, based on sedimentary structures 
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and dinoflagellates (Laird, 1992; Schiøler et al., 2002), whereas turbidites in 
northeast Marlborough indicate deeper marine environments for other parts of the 
group. The Herring Formation (Figure ‎2-8) overlies the Paton Formation sharply 
(Rattenbury et al., 2006), and grades towards the northeast into deeper-water facies 
that consist of finely bedded chert-bearing mudstone, and massive siliceous 
mudstone of the Woolshed Formation (Suggate et al., 1978) that closely resembles 
the Rakauroa Member of the Whangai Formation (Hollis et al., 2005b). With initial 
deposition of the Paton and Whangai formation-equivalents, the early Haumurian 
(ca. 84 Ma) marks the onset of a dominant phase of fining upwards sedimentation 
with brief and notable interruptions (Hollis et al., 2013), that continued into the 
Oligocene and reflects increased regional subsidence across a passive margin 
(Ballance, 1993; Crampton et al., 2003a) 
 
The youngest Cretaceous rocks in both the Western and Eastern Sub-belts of 
Wairarapa are those of the latest Cretaceous-Paleocene Whangai Formation 
(Figure ‎2-8) of the Tinui Group (Moore, 1988b). Whangai Formation lies conformably 
on Tangaruhe Formation in the Western Sub-belt, and conformably on Glenburn 
Formation in the Eastern Sub-belt. The formation is mudstone dominated, was 
deposited at outer shelf to bathyal depths (Rattenbury et al., 2006) in response to the 
dominant subsidence trend, with correlatives identified in Marlborough (see above), 
Northland, and the Reinga Basin (Isaac et al., 1994; Stagpoole et al., 2009). 
Whangai Formation displays distinct facies changes at the Cretaceous-Paleogene 
(K-Pg) boundary, where non-calcareous to slightly calcareous mudstone is overlain 
unconformably by a more calcareous facies (Moore, 1988b). In the Western Sub-
belt, the basal Paleocene unit of the Te Uri Member comprises glauconitic 
sandstone, which represents condensed sedimentation (Uruski & Bland, 2010). The 
basal non-calcareous facies (Rakauroa Member) of the Western Sub-belt and the 
upper calcareous facies (Upper Calcareous Member) of the Eastern Sub-belt are the 
two sections of Whangai Formation considered to have the best source rock potential 
(Hollis & Manzano-Kareah, 2005). 
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Figure 2-7 - Plate tectonic reconstruction of New Zealand during the latest Cretaceous, 
based on reconstructions by Sutherland et al. (2001). Seafloor spreading was well 
established in the Tasman Sea and South Pacific, which led to the eventual separation of 
the New Zealand continental region from the eastern Gondwana margin. Passive margin 
subsidence dominated in Pegasus Basin during this time, with deposition of Whangai 
Formation and equivalents. Sourced and adapted from Uruski (2014). 
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Figure 2-8 - A) Hard, poorly bedded, non-calcareous micaceous mudstone of the early 
Haumurian Whangai Formation (Rakauroa Member) at the base of Pukemuri Stream, Tora, 
southeastern Wairarapa. Further upstream calcareous concretions up to 3 m in diameter are 
present. B)  Weathered and fresh examples of the Late Cretaceous Herring Formation at the 
north shore platform at Kaikoura Peninsula. Dolomitic concretions up to 3 m in diameter are 
abundant, occurring along bedding planes. Herring Formation is an equivalent of Whangai 
Formation in the North Island, which is considered a potential source rock in Pegasus Basin. 
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Unconformably overlying the Seymour Group of Marlborough are rocks of the latest 
Cretaceous to Middle Eocene Muzzle Group (Reay, 1993), consisting mainly of 
strongly indurated micritic limestone and calcareous mudstone, chert, and minor 
greensand and volcanic rocks (Rattenbury et al., 2006). Considered to be a partial 
correlative of the Tinui Group of Wairarapa, the basal Muzzle Group unconformity 
can be traced throughout the Marlborough region (Crampton et al., 2003a), and 
marks a major facies change in the region from siliciclastic sedimentation to pelagic 
or hemipelagic carbonate sedimentation that continued at least for 30 My, to Middle 
Eocene time, and possibly until the onset of the modern phase of convergent margin 
uplift in the Early Miocene (Uruski & Bland, 2010). The onset of pelagic 
sedimentation is first marked by the Mead Hill Formation, a chert-rich micritic 
limestone with interbeds of calcareous mudstone and nodular chert (Rattenbury et 
al., 2006). The Mead Hill Formation spans the K-Pg boundary in the northern 
Clarence River valley, where it is overlain sharply by an organic-rich mudstone 
identified as the Waipawa Formation (Hollis et al., 2005a) (Figure ‎2-9) . In southern 
Marlborough the Mead Hill Formation is truncated by a regional unconformity, and 
overlain by a condensed glauconite-rich, highly bioturbated, calcareous sandstone 
(Teredo Limestone) of Late Paleocene to Early Eocene age that youngs to the south, 
and is equivalent to the Te Uri Member of the Whangai Formation in North Island) 
(Uruski & Bland, 2010; Hollis et al., 2013).  
 
Deposition of the Waipawa Formation and related organofacies are considered to be 
the result of a regional regression and possible glacio-eustatic fall in sea level 
(Schiøler et al., 2010; Hollis et al., 2014) where slowly subsiding or elevated parts of 
the East Coast Basin were subjected to erosion and condensed sedimentation (Te 
Uri Member and Teredo Limestone), and more rapidly subsiding parts were 
subjected to an input of mainly terrigenous-sourced organic-rich sediments 
(Waipawa Formation) (Uruski & Bland, 2010).  
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Figure 2-9 – A) A pair of 50 cm thick layers of dark, glauconitic, bioturbated mudstone 
occur within Middle Paleocene Mungaroa Formation (indicated by red arrows) at 
Manurewa Point, southeastern Wairarapa. These have been geochemically fingerprinted 
to the Waipawa Formation (Hines et al., 2013), which is considered the primary source 
rock for the East Coast region. New Zealand fur seals for scale (red circle). B) Well-
bedded siliceous Late Paleocene (60-59 Ma) Mead Hill Formation is overlain sharply by a 
2.6 m thick dark grey, iron-stained siliceous mudstone correlated with the Waipawa 
Formation (Killops et al., 2000; Hollis et al., 2005a) (indicated by red arrows to the left of 
the image). A second 20 cm thick interval occurs 4.8 m above the main unit (indicated by 
red arrows to the right of the image), and is overlain sharply by Amuri Limestone. This 
“two-pulse” feature of Waipawa Formation links pelagic sedimentation styles between 
Wairarapa and Marlborough, and is thought to represent regional transgression, glacio-
eustatic sea fall, and terrigenous input into a sediment-starved setting (Hollis et al., 
2014). Figure for scale (red circle).  
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Overlying the Mead Hill Formation is the Amuri Limestone, a distinctive East Coast 
biomicrite up to 400 m thick that extends from southeast Wairarapa to Marlborough 
(Field & Uruski, 1997), Canterbury, Great South Basin and Campbell Plateau (Hollis 
et al., 2013). The Amuri Limestone consists predominantly of white, hard, siliceous, 
micritic limestone or interbedded limestone and marl, composed of coccolith and 
foraminiferal tests and clay (Rattenbury et al., 2006), which were deposited at upper 
to lower bathyal depths (Strong et al., 1995; Field & Uruski, 1997; Crampton et al., 
2003b; Hollis et al., 2005a) in a terrigenous sediment-starved setting similar to the 
modern Chatham Rise or Hikurangi Plateau (Hollis et al., 2013). In the south, the 
basal unit of the Amuri Limestone is the Teredo Limestone, and in northeastern 
Marlborough the basal unit is comprised of decimetre-bedded siliceous limestone 
(Lower Limestone lithotype) of late Paleocene-early Eocene age (Hollis et al., 2013).  
 
Above the basal glauconitic member, the Amuri Limestone has been subdivided into 
four informal members based on the relative abundance of micritic limestone and 
calcareous mudstone or marl (Uruski & Bland, 2010). Bentonitic, marl-rich intervals 
indicate increased influx of terrigenous mud (Reay, 1993), most likely during globally 
warm periods of enhanced precipitation and weathering (Hollis et al., 2005a; Hollis et 
al., 2005b). Both the base and top of the Amuri Limestone are highly time-
transgressive (Rattenbury et al., 2006), where the formation is Paleocene to latest 
Eocene in the Clarence Valley (Reay, 1993; Strong et al., 1995; Hollis et al., 2005a), 
earliest Eocene at Kaikoura Peninsula (Browne et al., 2005; Hollis et al., 2013), and 
progressively younger from Kaikoura southwards. The Amuri Limestone is mostly 
age-equivalent to Wanstead Formation of Wairarapa, reflecting the same regionally-
extensive dominant phase of ongoing passive margin subsidence (Uruski & Bland, 
2010). 
 
In the Wairarapa, deposition of the Whangai Formation continued into the 
Paleocene, and by the Late Paleocene the formation was conformably overlain by 
the regionally extensive Waipawa Formation, also commonly referred to as the 
Waipawa Black Shale. The Waipawa Formation consists of very poorly bedded, grey 
to black, hard to moderately soft, bioturbated, micaceous mudstone and fine 
sandstone with common glauconitic sandstone beds (and dikes) locally, and 
scattered calcareous concretions (Moore, 1988b). In the North Island it crops out 
from Wairarapa to Raukumara Peninsula (Hollis et al., 2005a), and equivalent facies 
have been identified in all eastern basins, as well as in Westland, northern Taranaki, 
and Northland (Killops et al., 2000). In the Great South and Canterbury basins 
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Waipawa Formation is referred to as the Tartan Formation (Schiøler et al., 2010). 
Considered to be the primary potential source rock of the eastern margin of New 
Zealand (Field & Uruski, 1997; Hollis & Manzano-Kareah, 2005), TOC values in the 
East Coast Basin range from 1.5 to 12%, and average 5% (Killops et al., 2000). Two 
50-cm-thick “pulses” of dark, glauconitic, bioturbated mudstone occur within the 
upper member of the Mungaroa Limestone at Manurewa Point, southeastern 
Wairarapa, and are geochemically fingerprinted to the Waipawa Formation (Hines et 
al., 2013). Waipawa Formation also occurs as two pulses at Mead Stream (Hollis et 
al., 2013), in the Clarence Valley, exemplifying depositional similarities between 
Marlborough and Wairarapa during the Paleocene (Figure ‎2-9). 
 
In the Wairarapa, rocks of the Late Paleocene, Eocene and Oligocene Mangatu 
Group (Moore, 1986; Mazengarb & Speden, 2000) consist of fine-grained calcareous 
mudstone, greensand, glauconitic sandstone and minor breccia-conglomerate (Lee & 
Begg, 2002), and are assigned to the widespread Wanstead and Weber formations.  
Wanstead Formation was encountered in Orui-1 & -1A (New Zealand Energy 
Corporation, 2012a), Te Mai-1 & -2 (New Zealand Energy Corporation, 2012b), and 
has been interpreted via seismic into offshore parts of Wairarapa (Field & Uruski, 
1997). It is reasonable to assume that similar correlatives will be found in Pegasus 
Basin. Wanstead Formation consists primarily of fine-grained, smectite-rich 
calcareous mudstone of Late Paleocene to Oligocene age (Teurian to Early 
Whaingaroan), but is more commonly of Paleocene to Middle Eocene (Teurian to 
Bortonian) age (Moore & Morgans, 1987). It broadly shares a distribution pattern with 
Whangai Formation onshore, and is susceptible to slope failure, even on low-angle 
slopes, due to its high proportion of swelling smectitic clays (Lee & Begg, 2002). 
Wanstead Formation is considered a potential sealing lithology, with thicknesses 
reaching up to 490 m locally, but typically 100-200 m (Field & Uruski, 1997). The 
Wanstead Formation was deposited coevally with the Amuri Formation in the 
Marlborough region (Field and Uruski, 1997) (Figure ‎2-11), and is considered to 
represent the deepest-water depositional environment during the Late Cretaceous-
Paleogene in the East Coast region, with average middle bathyal paleo-depths, 
although abyssal depths are recorded in some parts (Uruski & Bland, 2010). 
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Results from ODP site 1124, situated about 600 km northeast of Pegasus Basin, 
confirm the presence of a condensed Late Cretaceous and Paleogene section on the 
Hikurangi Plateau that consists of mudstones and chert, changing to chalk in the 
Oligocene, with the presence of a Waipawa correlative below a major unconformity 
that separates Late Paleocene and Middle Eocene chalks (Shipboard Scientific 
Party, 1999). Whilst no seismic ties can be made with ODP site 1124, results from 
the site have confirmed lithological interpretations based on analysis of seismic 
reflection data (Wood & Davy, 1994), and show that Pegasus Basin was starved of 
clastic input during the early Cenozoic. 
Figure 2-10 - Plate tectonic reconstruction of New Zealand during the Middle Eocene, 
based on reconstructions by Sutherland et al., (2001). Significant reorganization of 
plate boundaries in the South Pacific at c. 43 Ma was marked by cessation of seafloor 
spreading in the Tasman Sea, followed by rapid onset of rifting and seafloor spreading 
in the Southeast Tasman Sea and Emerald Basin. Marls and carbonates associated 
with the development of deep-ocean circulation exhibit an upward change to higher 
carbonate contents in basal Oligocene sediments, recorded over most of the 
southeastern Australia-New Zealand region. Image sourced and adapted from Uruski 
(2014). 
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Figure 2-11 - A) Poorly exposed, weathered middle? Eocene Wanstead Formation at Triangle 
Farm, Tinui, Wairarapa. The formation’s high proportion of smectitic clays, which swell when 
wet, leads to slope failure even at low angles. Figure for scale. B) Middle Eocene Amuri 
Limestone (right) overlain sharply by well-bedded early Miocene Spy Glass Formation (left), 
on the south coast of the Kaikoura Peninsula. Here the unconformity is an angular 
unconformity of a few degrees, which spans ~7 Myrs, known as the Marshall Unconformity. It 
is thought to have developed in response to opening of the circum-Antarctic oceanographic 
circulation. Deposition of the Amuri Limestone is considered to be coeval with Wanstead 
Formation in Wairarapa. Fieldbook for scale. 
50 
 
By Late Eocene time much of the New Zealand continental region was submerged, 
and the exposed landscape had low relief (Uruski & Bland, 2010). A regionally 
extensive, highly glauconitic, burrowed omission surface known as the Marshall 
Unconformity occurs in Marlborough (Browne, 1995; Rattenbury et al., 2006; Hollis et 
al., 2013), and represents up to 14 million years. The diachronous nature of the 
Marshall Unconformity means that the length of time represented by the surface 
ranges depending on locality e.g. 7 million years at Kaikoura Peninsula (Figure ‎2-11). 
The Marshall Unconformity separates late Middle Eocene rocks of the Muzzle Group 
from latest Oligocene and Miocene rocks of the Motunau Group (Figure ‎2-11). The 
erosional episode is recorded throughout the SW Pacific and is thought to mark 
initiation of Antarctic-sourced deep-water flow in response to circum-Antarctic water 
circulation and sea-level fall (Fulthorpe et al., 1996; Carter et al., 2004). Locally, the 
Marshall Unconformity displays karstic surfaces with developed paleosols (Browne, 
1995), or angular truncation of underlying bedding (Hollis et al., 2013), leading others 
to suggest a tectonic influence behind such a widespread event (Lewis, 1992; 
Sutherland et al., 2010).  
 
Latest Oligocene to Late Miocene deposition in Marlborough is represented by rocks 
of the Motunau Group, which include limestone, calcareous mudstone and 
glauconitic sandstone that conformably overlie or are locally interbedded with the 
Cookson Volcanics Group but are generally unconformable on older rocks such as 
the Amuri Limestone (Carter & Landis, 1972; Finlay, 1980; Field, 1985). Formations 
of the Motunau Group go by local stratigraphic names including Omihi and Spy Glass 
formations, Tekoa, Flaxdown, Isolated Hill, Weka Pass and Whales Back limestones, 
and Hanmer Marble (Browne, 1995; Rattenbury et al., 2006). These formations 
collectively represent shallow- to deep-marine variation in a semi-continuous blanket 
of Late Oligocene carbonate deposition following an Early Oligocene regression. The 
Motunau Group is distributed widely in the Marlborough region, although the overall 
thickness is usually <50 m (Rattenbury et al., 2006). 
 
In the Wairarapa region, Oligocene sedimentation is recorded by the Late Eocene to 
earliest Miocene Weber Formation, which is most commonly Whaingaroan to 
Duntroonian in age (Rattenbury et al., 2006). Weber Formation is dominated by 
white-weathering marls, calcareous and micritic mudstones, with minor flysch, 
glauconitic sandstone and limestone (Field & Uruski, 1997; Morgans & Hollis, 1999). 
The Weber Formation is typically 200-340 m thick, was deposited at mid-upper 
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bathyal depths (Moore & Morgans, 1987; Field & Uruski, 1997), and contains the 
Marshall Unconformity that represents a time gap of at least 5 million years, marked 
by a relatively minor facies change within calcareous mudstone (Morgans & Hollis, 
1999).   
2.1.4 Neogene plate boundary development  
 
Subduction in the New Zealand region is inferred to have re-commenced about 22-
23 Ma (Figure ‎2-12) (Ballance, 1976; Rait et al., 1991; Kamp, 1999; King, 2000; 
Stern et al., 2006) as a west-dipping subduction zone that propagated south to the 
Northland region, and eventually into the East Coast Basin by the Late Miocene 
(Reyners et al., 2011; Reyners, 2013). This profoundly affected the region, with uplift 
of the hinterland providing pulses of clastic sediments into adjacent basins that are 
dominated by fine-grained deposition. Volcanic extrusions of Oligocene-Late 
Miocene and Pliocene age, in the Marlborough, Chatham Rise and Chatham Islands, 
and Canterbury are likely to have contributed to sedimentation in Pegasus Basin. 
The composition and depositional environment of these eroded Cretaceous and 
Paleogene successions will have had first order control over provenance and textural 
maturity of potential reservoir rocks found offshore.   
 
Increasing convergence lead to the growth of the accretionary prism by the Late 
Miocene (c. 11 Ma) (Kamp & Furlong, 2006), and the development of large 
anticlines, which acted as topographic barriers channeling sediment flow. Sediment 
either ponded behind these structures forming ephemeral basins, or flowed around 
and through breaks in morphology and into deeper water depocentres. 
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The Chatham Rise remained largely submerged during this time, and as a result 
Neogene sediments are generally thin across the North Slope Chatham Rise and 
crest. During the Late Miocene (c. 8-6 Ma), the northwest corner of the Chatham 
Rise underwent basement-involved active normal faulting over a 100 by 300 km 
region known as the North Mernoo Fault Zone (NMFZ) (Barnes, 1994a, 1994b). This 
fault zone evolved contemporaneously with the rotation and development of the 
adjacent plate boundary zone, developing south dipping normal faults 2-5 km apart 
that trend roughly E-W to the plate boundary zone. Two possible models are 
proposed (Barnes, 1994a) to explain these faults; (1) lateral buckling of the upper 
crust, in which faulted slivers of crust are peeled off as the Chatham Rise slides past 
the transpressive Marlborough fault system toward the Southern Alps and (2) flexure 
of the edge of continental Pacific Plate as the Chatham Rise is bent downward into 
the southern end of the Hikurangi subduction zone. In either case their distribution is 
Figure 2-12 - Plate tectonic reconstruction of New Zealand during the Early Miocene, based on 
reconstructions by Sutherland et al. (2001). Propagation of the new plate boundary began in 
the north and migrated south, entering the Pegasus region by the Late Miocene. Image 
sourced from Uruski (2014).  
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thought to be influenced by pre-existing structural discontinuities in the Torlesse 
Supergroup due to poly-phase deformation (Barnes, 1994b). 
 
In Marlborough, the Neogene is marked by a major influx of coarser clastic 
sediments eroding from the rapidly rising hinterland ranges, Spenser Mountains and 
the Southern Alps (Rattenbury et al., 2006). The Neogene Motunau Group consists 
of several hundred metres of bathyal sandstone and siltstone (Uruski & Bland, 2010), 
and includes the Great Marlborough Conglomerate of Early Miocene age 
(Figure ‎2-13). The large variance in clast lithologies within the Great Marlborough 
Conglomerate indicates syn-sedimentary uplift of a source area to the west. 
Deposition occurred in broad shallow feeder channels cut into Waima Formation 
siltstone (Lewis et al., 1980), and may have contributed clastic sediments to the large 
volume of Neogene rocks inferred to exist in Pegasus Basin. 
 
In the Wairarapa, Neogene plate boundary development is marked by an 
unconformable change from the clay-rich Mangatu Group to the sandstone-
dominated deposits of the lower Palliser Group, which comprises bathyal fans and 
turbidite sands interbedded with background hemipelagic mud, with lesser amounts 
of inner shelf sediments deposited following a brief phase of rapid uplift and erosion 
(Lee & Begg, 2002). The Whakataki Formation (Figure ‎2-13) is characteristic of the 
bathyal dominated Early Miocene succession in Wairarapa, and the occurrence of 
similar facies drilled in Titihaoa-1 strongly suggests that similar rocks with reservoir 
potential were deposited in Pegasus Basin during this time. The mid-Altonian 
Takiritini Formation largely comprises calcareous sandstone, algal limestone, minor 
fine-grained sandstone and mudstone (Lee & Begg, 2002), and is inferred to 
represent shelfal sediments deposited in response to significant tectonically driven 
uplift (Uruski & Bland, 2010). Tectonic events that deposited shallow-marine 
sandstone packages such as the Takiritini Formation may have also affected base 
level in Pegasus Basin, and thus correlative facies could be present offshore. 
Packages of highly-deformed mélange containing Cretaceous and Paleogene rocks 
occur within strata of lower-Early Miocene (late Waitakian) age that crop out along 
the eastern coastline of New Zealand (Uruski & Bland, 2010), and are thought to 
have been emplaced by gravity sliding into deep marine basins (King, 2000). 
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Figure 2-13 – A) Looking northeast, the Whakataki Formation of Wharepouri’s Mark near 
Castlepoint, Wairarapa, is beautifully exposed during low tide. The Whakataki Formation 
represents classic Early Miocene sedimentation in Wairarapa, and provides an excellent 
analogue for studying reservoir architecture of possible offshore correlatives in Pegasus Basin. 
Figures for scale (red circle). Image courtesy of Nora Nieminski (Stanford University, USA). B) 
Early Miocene channel feeder systems, such as those represented by units of the Great 
Marlborough Conglomerate in Deadman Stream, Marlborough, are thought to have contributed 
clastic sediments to offshore Pegasus Basin whilst active. These large, cohesive, debris flow 
deposits are inferred to mark pulses in tectonic uplift during early stages of Neogene plate 
boundary development. Herd of fully-grown cattle for scale (red circle). 
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Rocks of the Late Miocene-Pliocene Awatere Group (Roberts & Wilson, 1992) crop 
out extensively in the northeast Marlborough region, the oldest being the middle Late 
Miocene Medway Formation (Melhuish, 1988; Maxwell, 1990; Browne, 1995). This 
formation is interpreted as a syn-tectonic (Melhuish, 1988) fluvial and marine 
conglomerate deposited into fault-bound sub-basins near an actively rising Pahau 
Terrane hinterland (Browne, 1995). Unconformably overlying the Medway Formation, 
or locally on Pahau Terrane, is the Late Miocene (Tongaporutuan and Opoitian) 
Upton Formation (Roberts & Wilson, 1992; Browne, 1995; Rattenbury et al., 2006), 
comprising basal sandstone and conglomerates that grade upwards into siltstone 
and local interbedded sandstone turbidites, deposited in bathyal depths (Browne, 
1995). Overlying Upton Formation is the latest Miocene to Late Pliocene Starborough 
Formation (Browne, 1995), which consists of poorly bedded sandstone and sandy 
siltstone. The Starborough Formation (Figure ‎2-14) represents a regressive phase, in 
contrast to the older Medway and Upton formations, which are inferred to represent 
marine transgression over a low-lying landscape cut into Pahau Terrane (Browne, 
1995). These eustatic sea level changes may have also affected deposition in 
Pegasus Basin. 
 
In Wairarapa the upper Palliser Group represents a broadly transgressive succession 
deposited at mid-upper bathyal depths in the Late Miocene, indicating a prolonged 
period of subsidence (Lee & Begg, 2002). The upper Palliser Group is 
undifferentiated, consisting predominantly of massive mudstone with minor 
alternating sandstone and mudstone, and shelly conglomerate beds. Overlying the 
Palliser Group is the Onoke Group (Vella & Briggs, 1971; Beu, 1995), which consists 
of Plio-Pleistocene shallow-marine limestones such as the Castlepoint Formation 
(Figure ‎2-14) that form erosion-resistant headlands and ridges of the modern 
landscape in the Wairarapa region. These limestone lithofacies occur throughout 
eastern North Island and were deposited along the margins of the evolving forearc 
basin and an associated interior seaway due to uplift and shoaling of the basin 
margin (Beu, 1995; Bland et al., 2008). Whilst these lithofacies provide potential 
fractured reservoir targets in the East Coast Basin, Pegasus Basin lay further east of 
the evolving forearc basin and in generally deeper waters, and such rocks are less 
likely to be encountered there. 
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Figure 2-14 - A)  Coarse-grained, fossil rich Late Pliocene Castlepoint Formation, Castlepoint 
reef, Wairarapa. B) Poorly-bedded, fine-grained Early Pliocene Starborough Formation, near SH1 
rail/road bridge, Seddon, northeastern Marlborough. 
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3 Field work and sampling 
3.1 Introduction 
Pegasus Basin is a frontier basin and the outcropping geology of the surrounding 
southeastern Wairarapa and Marlborough regions are thought to best represent the 
offshore sedimentary architecture. To best characterize the expected offshore geology of 
Pegasus Basin, outcrops of Cretaceous, Paleogene and Neogene strata in southeastern 
Wairarapa and Marlborough were studied. Selection of these outcrop localities was 
based on the comprehensive field mapping of the regions by the many geologists that 
are employed or were formerly employed by the Institute of Geological and Nuclear 
Sciences Ltd and its predecessors. In doing so, a wide distribution of outcrop localities 
were visited within the Kaikoura, Marlborough, and southern Wairarapa regions in order 
to cover the length of the coastal perimeter of Pegasus Basin (six localities from the 
North and seven localities from the South Island).  
3.2 Outcrop selection 
Whilst this thesis aims to interpret and characterize the geology of the Pegasus Basin, a 
secondary aim is to investigate the quality and constituents of potential reservoir rocks 
within Pegasus Basin by studying outcropping stratigraphic analogues in southeastern 
Wairarapa and Marlborough regions. Sedimentation in these regions is discussed in 
further detail in Chapter 2. 
 
There is a general consensus that reservoir potential of Pegasus Basin lies in the 
sedimentary packages of the Cretaceous and Neogene periods due to the abundant 
deposition of sandstone during these times. Therefore a greater number of Cretaceous 
and Neogene-aged outcrop localities were visited in order to collect sandstone samples 
for reservoir petrology. Conversely, the general lack of sand in the Paleogene 
succession suggests that Paleogene strata are not likely to represent useful reservoir 
potential, however there could be potential for fracture porosity in limestones. Whilst the 
finer-grained facies of the Paleogene period are not favored for reservoir potential in 
Pegasus Basin, outcropping geology of these successions in the Marlborough and 
Wairarapa regions show that sands were deposited locally. Therefore Paleogene-aged 
outcrops that were included in this thesis were visited because they have one or a 
combination of the following attributes; 
a) Best represent the nature of the respective lithology region-wide; 
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b) Contain local interbedded sands; 
c) Are interpreted to form an important element of a working petroleum system. 
3.3 Selected outcrop localities 
The following localities were examined, with corresponding numbers associated with 
geographic locations on Figures 3.1 and 3.2. At each site, locality coordinates were 
measured and documented in NZTM2000 grid reference using a Garmin GPSMAP® 62s 
series handheld GPS, and are supplied here with margins of error where available: 
 
Marlborough 
1. Split Rock Formation 
x Latest Early Cretaceous – Urutawan (J.S. Crampton, pers. comm., April 
2015) to Motuan (Laird, 1992), Hodder River, Marlborough. 
x E 1653188 N 5362773 ± 12 m 
x 24.3 m of outcrop measured 
2. Warder Formation 
x Late Cretaceous – Ngaterian (Crampton, 1988), Charwell River, Kaikoura. 
x E 1629165 N 5298355 ± 6 m 
x 20.0 m of outcrop measured 
3. Bluff Sandstone 
x Late Cretaceous – Ngaterian (Laird, 1982), Hapuku River, Kaikoura. 
x E 1656563 N 5317247 ± 3 m 
x 20.4 m of outcrop measured 
4. Herring Formation (Whangai Formation)  
x Late Cretaceous – latest Piripauan to early Late Haumurian (Schiøler & 
Wilson, 1998), Northern Kaikoura Peninsula. 
x E 1657397 N 5303930 ± 3 m 
x 33.1 m of outcrop measured 
5. Great Marlborough Conglomerate 
x Early Miocene (Lewis et al., 1980), Deadman Stream, Marlborough. 
x E 1678611 N 5344899  
x 13.5 m of outcrop measured 
6. Medway Formation 
x Late Miocene – early to mid Tongaporutuan (Maxwell, 1990), Awatere 
River, Marlborough. 
x E 1672019 N 5376266 
x 15.2 m of outcrop measured 
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7. Starborough Formation 
x Late Pliocene – Waipipian (Browne, 1995), Awatere River, Seddon, 
Marlborough. 
x E 1689934 N 5387344 
x No measured section completed 
Wairarapa 
 
8. Glenburn Formation 
x Late Cretaceous – Late Piripauan(Laird et al., 2003; Hines et al., 2013), 
Tora, Southeast Wairarapa. 
x E 1807400 N 5399020 
x 8.7 m of outcrop measured 
9. Whangai Formation 
x Late Cretaceous – Early Haumurian (Laird et al., 2003), Pukemuri Stream, 
Tora, Southeast Wairarapa. 
x E 1807764 N 5399731 ± 10 m 
x No measured section completed 
10. Mungaroa Limestone 
x Middle Paleocene –  mid-Teurian (Hines et al., 2013), Manurewa Point, 
Tora, Southeast Wairarapa. 
x E 1811263 N 5402033 
x 8.5 m of outcrop measured 
11. Whakataki Formation? 
x Unknown age, White Rock Road, Southeast Wairarapa. 
x E 1801921 N 5396371 
x 4.7 m of outcrop measured 
12. Whakataki Formation 
x Middle Miocene – Altonian to Clifdenian (Wellwood, 1996), Flat Point, 
Wairarapa. 
x E 1848550 N 5430634 ± 3 m 
x 10.7 m of outcrop measured 
13. Whakataki Formation 
x Early Miocene – upper Waitakian to early Otaian (Field, 2005), 
Wharepouri’s Mark, Wairarapa. 
x E 1873198 N 5471833 ± 3 m 
x 4.3 m of outcrop measured 
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Figure 3-1 - Geological map of the Marlborough and Kaikoura regions, with outcrop localities visited 
indicated by red circles. Numbering of outcrop localities refers to outcrop details provided in this 
chapter. Map based on work compiled by Rattenbury et al. (2006). For legend refer to Figure 3-3. 
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Figure 3-2 - Geological map of the Wairarapa region, with outcrop localities visited displayed by red 
circles. Numbering of outcrop localities refers to outcrop details provided in this chapter. Map based 
on work compiled by Lee and Begg (2002). For legend refer to Figure 3-3. 
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3.4 Outcrop logging and sampling procedures 
Where they were available, existing measured sections by previous workers were 
studied in order to understand the local geology. Individual measured sections were then 
constructed that were either original or expanded on prior existing sections. In two 
instances (Starborough Formation, Whangai Formation) measured sections were not 
logged due to the homogeneity of the outcrop, and instead outcrop descriptions are 
provided. 
 
The outcrop was measured using a 3.0 m builder’s measuring tape, and where 
appropriate, a 50 m-long measuring tape.  Strike and dip measurements of bedding 
planes were recorded using a geologic compass. Outcrop photographs were taken using 
a Canon EOS 1100D for visual reference of common sedimentological features. 
 
At each measured section locality, at least one sandstone sample was collected in order 
to produce a thin section for petrographic analysis. In some instances multiple sandstone 
samples were collected if a variety of repetitive sedimentary structures were apparent in 
outcrop. Each sample was given an appropriate label based on outcrop locality, a GPS 
locality measurement was recorded, and a strike and dip measurement of the bedding 
plane from which the sample was collected from was obtained. Sample heights are 
noted within the text in the measured section. 
Figure ‎3-3 - Geological legend for geological maps and outcrop localities of the Marlborough and 
Wairarapa regions. Geological units are based on GIS mapping by GNS Science. 
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3.5 Previous work based on onshore Marlborough geology 
 
The geology of the onshore Marlborough region has been documented extensively by 
many scientific reports, papers and student theses, and is best summarized in Geology 
of the Kaikoura area (Rattenbury et al., 2006). Produced as part of GNS’ 1:250,000 map 
series, Rattenbury et al. (2006) gives a comprehensive overview of the geology of the 
Kaikoura region, encompassing Westland, Nelson, Marlborough, and northern 
Canterbury in the South Island of New Zealand. The series replaces the earlier 1: 250, 
000 series geological maps covering the Kaikoura area (Lensen, 1962; Bowen, 1964; 
Gregg, 1964). Background literature relating to onshore Marlborough geology is referred 
to with relevance to the outcrop localities visited and displayed in Figure ‎3-1. 
 
3.5.1 Split Rock Formation (Site Locality 1) 
 
3.5.1.1 Previous work and age 
 
The Split Rock Formation of 
late Urutawan to Ngaterian 
age (Crampton et al., 2003) 
crops out in the Hodder River, 
Awatere Valley, Marlborough 
(Figure ‎3-4). Assigned to the 
Coverham Group, the Split 
Rock Formation was first 
formally described by Suggate 
(1958) in the Clarence Valley. 
Further work by Ritchie (1986); 
Reay (1987;1993); and 
Crampton & others (1998) 
noted that the formation 
includes a fining upward 
sequence of basal mass flow 
conglomerate overlain by 
mudstone and locally ridge-forming sandstone, and interbedded sandstone and 
mudstone. Although age control is sparse, the basal coarse-grained facies are 
Figure 3-4 - Field locality of the Split Rock Formation measured 
section. Image sourced and adapted from LINZ. 
64 
 
interpreted to have been deposited over a short period of time during the late Urutawan 
and earliest Motuan, and represent the oldest deposits that overlie the regional, post 
subduction erosion surface (see Chapter 2) (Crampton et al., 2003).  
 
Ritchie (1986) used the name Split Rock Formation to include strata of similar age and 
appearance in the Coverham area (Ouse Stream), where four formations are 
recognized: Champagne, Ouse, Wharfe Sandstone, and Swale Siltstone. Split Rock 
Formation lies upon Pahau Terrane with sharp angular discordance of up to 90˚ (Laird, 
1992), except in the northeast where it lies unconformably on Champagne Formation 
(Rattenbury et al., 2006). The Split Rock Formation is interpreted to have been deposited 
in neritic depths in half-grabens (Laird et al., 1994), with wave-induced ripples 
suggesting deposition above at least storm wave base (Laird, 1992), however deeper 
water depositional environments are likely (J. S. Crampton, pers. comm. April 2015). 
 
At the Hodder River, the Split Rock Formation differs from its characteristic interbedded 
fine-grained graded sandstones and thinner mudstones of the Coverham Group strata 
elsewhere, with mudstone dominating the succession in places (Figure ‎3-5), with 
subordinate sandstone and only rare conglomerate (Laird, 1992). The Split Rock 
Formation is considered a potential reservoir unit of the East Coast Basin (Field & 
Uruski, 1997), and in Pegasus Basin. 
Figure 3-5 - Further downstream from the measured section (true right of Hodder River) the 
net:gross ratio of sandstone decreases with thicker packages of mudstone becoming more 
prominent in the succession. Mark Lawrence (GNS Science) for scale. Photo courtesy of Greg 
Browne (GNS Science), 2014. 
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3.5.1.2 Field observations and inferred depositional environment 
 
The Split Rock Formation displays four distinct lithological units at the Hodder River 
locality: sandstone, sandstone interbedded with mud lamina, mudstone and massive 
sandstone.  
 
Sandstone beds are light grey, fine-grained and moderately to well sorted, ranging in 
thickness from  20-135 cm. Common sedimentary features include trough cross-beds 
(Tc) (Appendix C – Figure 1) and planar laminated bedding (Tb) (Appendix C – Figure 
2), with less frequent sole marks and flute marks oriented at a bearing of 152° (SE) on 
the base of bedding planes (Appendix C – Figure 8). Scattered carbonaceous material, 
shell fragments, rounded chert clasts, and sub-angular mudstone rafts are all commonly 
observed in association with trough cross-beds. Lower bedding contacts are sharp and 
planar, sharp and wavy, or gradational.  
 
Sandstones interbedded with mud lamina are less common, consisting of fine-grained 
and well sorted sand between 2-6 cm that display wave ripple bedding (Appendix C – 
Figure 4), with crest-crest wavelengths typically between 5-15 cm. Mudstone interbeds 
commonly display flame structures, and less commonly display fragmented prismatic 
Inoceramus shell beds (Appendix C – Figure 6). Contacts between interbeds are 
generally sharp and wavy. 
 
Mudstones are typically orange-brown in colour, appear carbonaceous, and occasionally 
exhibit sandstone dykes perpendicular to bedding.  
 
Massive sandstones are common and are inferred to represent amalgamated beds, 
typically with coarse and granular bases (Appendix C – Figure 7) and scattered fine-
grained, well sorted intervals of Tc and Tb bedding. Massive sandstones range in 
thickness between 100 – 260 cm. 
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In this study the Split Rock Formation is interpreted as being deposited by turbidity 
currents within a rapidly subsiding basin, as suggested by the presence of Tc and Tb 
bedding, in addition to flute marks and mudstone rafts which suggest a high-energy 
current. The depositional environment received frequent sedimentation from a nearby 
high-energy environment, as inferred from flame structures, abundant shell fragments 
and carbonaceous material and a lack of bioturbation. This high rate of sedimentation 
may be a product of tectonically induced subsidence. The presence of wave-ripples 
lower in the succession suggest deposition above storm wave base, however these 
become infrequent in the upper succession, suggesting rapid subsidence and a 
transition to deeper water. Deeper depositional environments have been suggested (J. 
S. Crampton, pers. comm. April 2015), which may be inferred from fining-upward 
sequences where net:gross ratios of sandstone decrease (Figure ‎3-5). For additional 
field notes, photography, and the Split Rock Formation measured section, please refer to 
Appendix C. 
  
Figure 3-6 - Well bedded sandstone of the Split Rock Formation. Greg Browne (GNS Science) for 
scale. 
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3.5.2 Warder Formation (Site Locality 2) 
 
3.5.2.1 Previous work and age 
 
The Warder Formation of 
Ngaterian age (Crampton 
et al., 2003) crops out in 
the Charwell River, inland 
Kaikoura (Figure ‎3-7), and 
is a member of the Wallow 
Group. The Warder 
Formation, referred to in 
earlier literature as Warder 
Coal Measures Member 
(Lensen, 1978b, 1978a; 
Crampton, 1988), has 
been studied by and 
recognized by (Challis, 
1966; Reay, 1980; 
Crampton, 1985, 1988; 
Crampton & Landis, 1988; 
Browne & Reay, 1993). The Warder Formation consists of fluvial, terrestrial and shallow 
marine deposits that locally interfinger with subaerial basalt flows (Rattenbury et al., 
2006). Deposits are characterized by fining-upward alluvial cycles of clast-supported 
conglomerate, trough cross-bedded sandstone, alternating sandstone and siltstone in 
turn overlain by claystone and siltstone. The Warder Formation unconformably overlies 
Pahau Terrane or Split Rock Formation (Reay, 1993; Crampton et al., 2003) and is 
interpreted to have been deposited in fluvial systems of a coastal plain setting (Browne & 
Reay, 1993). Freshwater Mollusca reported from Warder Formation outcropping in the 
Clarence Valley (Beu et al., 2014) also reinforce suggestions of deposition within a 
terrestrial environment. The Warder Formation is most widespread and thickest in the 
Clarence valley, Marlborough, but is also found locally in the Mount Lookout area of the 
Awatere valley (Challis, 1966) and in the Charwell River (Crampton, 1988).  
 
The Warder Formation is considered a potential reservoir unit of the East Coast Basin 
(Field & Uruski, 1997), and offshore correlatives may be found in Pegasus Basin. 
Figure 3-7 - Field locality of the Warder Formation measured 
section. Image sourced and adapted from LINZ. 
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Biomarker data for one Warder Formation coal sample are similar to those of Late 
Cretaceous coals in Taranaki Basin (Field & Uruski, 1997), allowing for the possibility of 
a mixed oil and gas potential (see King and Thrasher, 1996).  
 
3.5.2.2 Field observations and inferred depositional environment 
 
The Warder Formation displays three distinct lithological units at Charwell River locality: 
conglomerate, sandstone, and siltstone. 
 
Conglomerate units are poorly sorted and clast supported (Appendix D – Figure 5), with 
angular to sub-rounded clasts of dominantly greywacke lithology ranging between 3-8 
cm in diameter. Clast orientation measurements suggest crude imbrication towards the 
northwest. Within the conglomerate are randomly distributed coal fragments. Lower 
contacts where observed are sharp and planar or sharp and wavy. 
 
Sandstone units are medium grey, very fine to fine grained, and well sorted, displaying 
normal and inverse grading. Isolated lenses of trough cross bedded fine sand are 
common (Figure ‎3-8), in addition to faint planar laminated bedding and abundant 
carbonaceous material and coal rootlets up to 43 cm in length (Appendix D – Figure 1). 
Lower contacts are typically sharp and planar. 
Figure 3-8 - Trough cross bedding within a sandstone bed of the Warder Formation. Lens cap for 
scale. 
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Siltstone units are blue-grey, well sorted, and display faint planar laminated bedding, 
trough cross bedding, or appear massive. Normal grading is observed, in addition to 
abundant coal fragments (Appendix D – Figure 2) and carbonaceous material.  
 
In this study the Warder Formation is interpreted as being deposited within a terrestrial 
environment within a fluvial system, based upon the absence of marine macrofossils and 
the abundance of coal rootlets and fragments. This is consistent with interpretations by 
Browne and Reay (1993), who suggested deposition occurred within the fluvial systems 
of a coastal plain setting, and with Beu et al. (2014) who described freshwater Mollusca 
from Warder Formation outcropping in the Clarence Valley. Conglomerate beds are 
interpreted to reflect the beginning of fining-upward sequences (Figure ‎3-9) that may 
reflect channel avulsion. For additional field notes, photography, and the Warder 
Formation measured section, please refer to Appendix D. 
 
 
Figure 3-9 - Observed fining-upward sequence of Warder Formation at Charwell River. Hammer 
head placed on contact between underlying siltstone and overlying conglomerate showing 
erosional relief. Hammer for scale (red circle). 
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3.5.3 Bluff Sandstone (Site Locality 3) 
 
3.5.3.1 Previous work and age 
 
The Bluff Sandstone of 
Ngaterian age (Laird, 1982) 
crops out in the Hapuku 
River, Kaikoura (Figure ‎3-1) 
and is assigned to the 
Wallow Group. The Bluff 
Sandstone was first defined 
by Lensen (1978, p. 387) in 
the Clarence Valley (without 
reference to a type section) 
as “a shallow-water marine 
facies of massive, brown-
grey to buff, fine-grained 
sandstone with abundant 
rusty concretions, some shell 
beds, and conglomerate 
lenses…”. The Bluff 
Sandstone has been described further by Crampton (1988) and Reay (1993).  
 
The Bluff sandstone conformably overlies and interfingers with non-marine Warder 
Formation in the Charwell River (Crampton, 1988) or in places underlies Gridiron 
volcanics (Reay, 1980; Crampton et al., 2004). In the Monkey Face area the Bluff 
Sandstone rests with marked unconformity on Pahau Terrane (Crampton, 1988). Reay 
(1993) notes that the Bluff Sandstone consists mainly of metre-bedded sandstones with 
marine shelly fossils, thin units of alternating sandstone and mudstone in the northeast, 
and horizons of conglomerate in the west and south. Crampton (1988) suggested that 
the base of the Bluff Sandstone may be diachronous, extending from the Ngaterian in 
the west up into the Arowhanan and as old as late Motuan in the east near the Monkey 
Face area. In the Clarence Valley, 15 km north of the Monkey Face area, the Bluff 
Sandstone is Ngaterian in the lower part and Arowhanan towards the top (Crampton, 
1988).  
 
Figure 3-10 - Field locality of the Bluff Sandstone measured 
section. Image sourced from LINZ 
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Where the Bluff Sandstone overlies non-marine Warder Formation, the depositional 
environment could be of fluvial origin as well (Crampton, 1988), although a consensus 
stands that deposition occurred within a marginal to shallow marine fan-delta (Reay, 
1993) in an asymmetrically subsiding basin experiencing contemporaneous faulting 
(Crampton, 1988). Bluff Sandstone is considered a potential reservoir unit of the East 
Coast Basin (Field & Uruski, 1997), and a correlative unit may also be present in 
Pegasus Basin.  
 
3.5.3.2 Field observations and inferred depositional environment 
 
The Bluff Sandstone displays three distinct lithological units at Hapuku River locality: 
sandstone, mudstone, mudstone interbedded with sandstone, and sandstone 
interbedded with mudstone. 
 
Sandstone beds are light grey, fine grained, well sorted and display either normal or 
inverse grading. Common sedimentary structures include cross-bedding of medium 
sand, planar laminated bedding, and flaser bedding (Figure ‎3-11). Pyrite nodules and 
staining are commonly observed (Appendix E – Figure 2), in addition to calcite shear 
fabric (Appendix E – Figure 1), carbonaceous material and mm-sized rounded mudstone 
clasts. Where sandstone is overlain with mudstone flame structures are common. 
 
Mudstone beds are dark grey, massive, and typically carbonaceous in composition. 
 
Mudstone beds interbedded with sandstone are dark grey, contain carbonaceous 
material and range from 10-20 cm. Sandstone interbeds are typically light grey, fine 
grained, mm – cm thick displaying either faint planar laminated bedding or faint cross 
bedding. Interbeds vary from being laterally continuous to discontinuous, and display 
sharp and wavy or sharp and planar contacts with underlying mudstone. 
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Sandstone interbedded with mudstone beds are light grey, fine grained and well sorted, 
typically displaying cross bedding or planar laminated bedding. Some sandstone beds 
contain lenses of angular to rounded mudstone rip-up clasts (Appendix E – Figure 8), 
typically ranging from mm-6 cm in diameter. Mudstone bases (sandstone tops) display 
wave ripple bedding (Appendix E – Figures 4 & 6) and scours (Appendix E – Figure 5). 
Crest-crest wave ripple wavelengths reach up to 8 cm.  
 
The Bluff Sandstone is interpreted here as being deposited within a prograding marginal 
to shallow marine delta system, inferred from coarsening upward parasequences seen in 
outcrop (Figure ‎3-12). Wave ripple bedding on the upper contacts of some sandstone 
beds suggest that deposition occurred above storm base, and flaser bedding implies a 
high energy, possibly intertidal, environment that was subject to bi-directional flow. The 
interpretation is consistent with Reay (1993), who suggested that occurred within a 
marginal to shallow marine fan-delta. For additional field notes, photography and the 
Bluff Sandstone measured section, please refer to Appendix E. 
Figure 3-11 - Faint, discontinuous mudstone lenses (flaser bedding) (highlighted by white 
arrows) within a sandstone bed of Bluff Sandstone. Hammer for scale. 
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3.5.4 Herring Formation (Whangai Formation) (Site Locality 4) 
3.5.4.1 Previous work and 
age 
 
The Herring Formation of 
early Late Haumurian age 
(Crampton et al., 2006) 
crops out on the north side 
of Kaikoura Peninsula 
(Figure ‎3-13). The Herring 
Formation and its 
correlatives are considered 
the most widespread of the 
Marlborough Cretaceous 
Figure 3-12 - Coarsening upward parasequences within the Bluff Sandstone at Hapuku River. 
Parasequences are characterized by more offshore mudstone at the base of each cycle, grading 
upward into bedded shoreface sandstones. Hammer for scale (black circle). 
Figure 3-13 - Field locality of the Herring Formation measured 
section. Image sourced from LINZ. 
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units, extending as far south as the Canterbury region, where the unit is known locally as 
the time-equivalent Conway Siltstone (Warren & Speden, 1978; Laird, 1992).  
 
Herring Formation is a grey, soft to moderately indurated concretionary siltstone and 
minor fine-grained sandstone. Other correlatives of the Herring Formation in the 
Marlborough region include the Woolshed Formation – formerly the Woolshed Shale 
(MacPherson, 1948), the Whangai Formation (Prebble, 1976), and the Butt and Mirza 
Formations east of the London Hill Fault of the Kekerengu area (Webb, 1971; Suggate et 
al., 1978). The Herring Formation overlies the Paton Formation, a dominantly glauconitic 
fine to medium-grained sandstone, everywhere with a sharp but conformable contact, 
although detailed dinoflagellate biostratigraphy and quantitative biostratigraphic analysis 
indicate that the contact is a disconformity through the Marlborough region (Schiøler et 
al., 2002; Crampton et al., 2006). Based on foraminiferal and palynological data Field & 
Uruski (1997) suggest that the Herring Formation accumulated under shelf conditions, 
whilst the essentially contemporaneous Woolshed Formation was deposited at mid-
bathyal or greater depths. This is further enforced by the presence of concretions which 
display phosphatised and bored outer margins (Browne et al., 2005), implying 
bioturbation in a high-energy intertidal setting followed by transportation via detachment 
blocks into deeper depositional settings (Browne, 1985). For field notes, measured 
section and photography on the Herring Formation, refer to Appendix F. 
 
3.5.4.2 Field observations and inferred depositional environment 
 
The Herring Formation displays two distinct lithological units at the Kaikoura shore 
platform: Siltstone and sandstone. 
 
Siltstone beds show a creamy light brown weathered appearance, however fresh 
samples display a medium brown colour (Figure 2-8, B). Beds are well sorted and are 
interbedded with dark grey mudstone beds up to 4 cm thick, occurring on the order of 10 
cm with a mix of sharp and gradational lower contacts. Some siltstone beds contain 
fragmented shell (mm-sized). Starved, non-calacreous sandstone beds are also 
common, up to 30 cm in length (Appendix F – Figure 2). Large, concentrically zoned 
dolomitic concretions up to 3 m in diameter occur, some exhibiting phosphatised pholad 
borings (Appendix F – Figure 9). Some siltstone clasts (not in situ) display 
Thalassinoides bioturbation (Appendix F – Figure 8). 
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Sandstone beds are pale or dark grey, very fine grained to coarse grained, well sorted, 
and display normal grading. Common sedimentary structures include faint Tb bedding, 
and trough cross bedding that appears to concentrate organic material. Coarse grained, 
light grey sandstone beds occur interbedded with dark grey, medium grained sandstone 
that are discontinuous along strike and range from mm to 4 cm in thickness 
(Figure ‎3-14).    
 
The Herring Formation is interpreted here as being deposited within a deep-water marine 
environment, possibly outer shelf to upper bathyal, based on the dominant siltstone 
lithology. Starved sandstone lenses and discontinuous trough cross bedded sandstone 
implies that episodic sedimentation of coarse grained clastics occurred within a 
depositional environment that switched between high- and low-energy settings, but was 
largely dominated by fine-grained sedimentation. Browne (1985) and Browne et al. 
(2005) have suggested that the occurrence of phosphatised and bored dolomitic 
concretions implies bioturbation within a high-energy intertidal setting and then 
subsequent emplacement via slope failure and detachment blocks. Based on these 
observations and interpretations it is proposed here that the Herring Formation was likely 
Figure 3-14 - Sandstone unit underlying siltstone of the Herring Formation. The sandstone 
contains discontinuous lenses of coarser trough cross bedded sand (shown in the red inset – 
pencil for scale (10 cm)). Hammer for scale (black circle). 
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deposited in a variety of deep-water depositional settings, and that further work should 
be undertaken on this section to more conclusively constrain a depositional environment. 
 
 
Figure ‎3-15 - A dolomitic concretion of the Herring Formation, with deformed siltstone bedding 
(white arrows) around the concretion that suggests formation occurred soon after deposition, whilst 
sediments were semi-lithified. In the background Herring Formation is gradationally overlain by 
glauconite-rich Mead Hill Formation. Hammer for scale (black circle). 
 
3.5.5 Great Marlborough Conglomerate (Site Locality 5) 
3.5.5.1 Previous work and age 
 
The Great Marlborough Conglomerate (GMC) of Altonian age (Lewis et al., 1980) crops 
out in Deadman Stream, Marlborough (Figure ‎3-16), and is a lithofacies of the Motunau 
Group (Browne, 1995; Rattenbury et al., 2006). The Great Marlborough Conglomerate 
occurs a lenses within Waima Formation, a pale blue-grey, calcareous, micaceous, fine- 
to medium-grained sandy bioturbated siltstone (Browne, 1995) . Waima Formation is 
preserved up to 360 m thick (Reay, 1993), and deposited at rates of up to 150 m/myr 
from the Otaian to Waiauan (Browne, 1995). The Great Marlborough Conglomerate 
comprises coarse sediments including well-sorted sandstone, sandy conglomerate – 
conglomeratic sandstone, clast-supported conglomerate and mudstone. Reay (1993) 
first considered the Great Marlborough Conglomerate to be of formational status, but 
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Browne (1995) formally 
refers to it as a lithofacies of 
the Waima Formation 
because of its lenticular 
nature and differing 
conglomerate compositions. 
Clasts from conglomeratic 
units of the Great 
Marlborough Conglomerate 
display a variety of lithologies 
including Mesozoic Torlesse, 
Amuri Limestone, Cenozoic 
sandstones and mudstones, 
and  porphyritic and aphyric 
igneous rocks from either the 
Late Eocene and Oligocene 
Cookson volcanics and/or 
mid-Cretaceous Gridiron Formation volcanics (Lewis et al., 1980). The Great 
Marlborough Conglomerate is interpreted to reflect cohesive debris-flow sedimentation 
within an incised channel feeder system that cuts into surrounding Waima Formation, 
deposited in response to tectonic uplift of greywacke fault-blocks that form the Kaikoura 
ranges (Lewis et al., 1980; Browne, 1995). 
 
3.5.5.2 Field observations and inferred depositional environment 
  
The Great Marlborough Conglomerate displays five distinct lithological units at Deadman 
Stream: Pebbly sandstone, sandstone, pebbly siltstone, siltstone, and conglomerate. 
 
Pebbly sandstones are light to moderate grey, very coarse grained to fine grained, and 
range from poorly to well sorted. Common sedimentary structures include faint and 
distinct Tb bedding, occasionally highlighted by carbonaceous and fragmented shell 
material (Figure ‎3-18). Some pebbly sandstones exhibit interbedded siltstone beds with 
gradational lower contacts abundant in organic matter and carbonaceous fragments, or 
discontinuous matrix-supported lenses of conglomerate with angular to rounded clast 
lithologies up to 10 cm in diameter that include greywacke, limestone, siltstone and 
porphyritic volcanics (Appendix G – Figure 3). Basal sections of pebbly sandstones 
Figure 3-16 - Field locality of the Great Marlborough 
Conglomerate measured section. Image sourced and adapted 
from LINZ 
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commonly display coarse sand, pebbles and scattered shell fragments. Pebbly 
sandstone beds are commonly 20 – 90 cm thick, and display sharp and wavy lower 
contacts with erosional scours showing up to 3 cm of relief (Appendix G – Figure 3). 
 
Sandstones are brown-grey to light grey, fine grained and moderately to well sorted. 
Common sedimentary structures preserved include distinct Tb and convoluted bedding, 
faint Tc bedding (Appendix G – Figure 9), and load casts of pebbly sandstone (Appendix 
G – Figure 10). Flame structures are common where siltstone interbeds are present, and 
these beds are typically up to 4 cm thick. Sandstones commonly show organic matter 
and shell fragments (mm-sized) that is either randomly distributed, or concentrated in 
discontinuous lenses of coarse grained sand that include sub-angluar to rounded 
greywacke pebbles (~3cm in diameter). Sandstones are typically 30 – 150 cm thick, but 
can reach 2.5 m in thickness. Sandstone thickness is occasionally variable along strike, 
where overlying depositional units have incised the bed (Figure ‎3-17). 
 
Pebbly siltstones are olive grey or light grey, fine grained and moderately to well sorted. 
Randomly distributed, sub-rounded limestone and greywacke clasts (2-5 cm) are 
common, in addition to convoluted bedding structures. Typical thicknesses are on the 
order of 5 cm, with sharp and wavy lower contacts, and are infrequent in occurrence.   
 
Siltstones of the GMC are dark-grey and fine grained. Some beds contain sub-rounded 
to rounded sandstone and dark grey mudstone clasts that are imbricated in a SW 
direction. Clasts range from 2-10 cm in diameter. Lower contacts are gradational or 
sharp and wavy, and occasionally show flame structures.  
 
Conglomerates (Appendix G – Figure 6) are matrix-supported by dark grey coarse sand 
that is poorly sorted. No bedding fabrics or preferred imbrication are apparent. Clasts 
consist of a range of lithologies including porphyritic mafic volcanics, limestones and 
greywackes that are predominantly sub-angular but also sub-rounded, ranging from mm-
granules to 18 cm in diameter. Scattered shell fragments and carbonaceous material are 
commonly found within the conglomerate matrix. Lower contacts are typically sharp and 
wavy. 
 
The Great Marlborough Conglomerate is interpreted here as being deposited by debris 
flows induced by a large sediment supply from a high-energy shelf in a marine 
depositional environment. The abundance of fragmented shell and carbonaceous 
material within the majority of the GMC depositional units suggests sediment sourcing 
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from a nearby littoral zone that was proximal to an eroding hinterland, inferred from the 
varying clast lithologies present within conglomerates. Sedimentary structures such as 
Tb and Tc bedding suggest deposition by current flows, and the presence of load casts 
and flame structures also reinforces the high rate of sedimentation. The interpretation is 
in agreement with Lewis et al. (1980) and Browne (1995) who postulated that the GMC 
was deposited via cohesive debris flows within channel feeder systems that had incised 
into a siltstone-dominated shelf in response to tectonic uplift of the nearby hinterland. 
For additional field notes, photography and the Great Marlborough Conglomerate 
measured section, please refer to Appendix G. 
 
 
Figure ‎3-17 - Sandstone beds of the Great Marlborough Conglomerate interbedded with siltstone. 
Sandstone thickness is variable along strike where overlying depositional units has caused incision. 
Hammer for scale. 
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Figure ‎3-18 - A) displays a carbonaceous fragment suspended within a pebbly sandstone (circled 
red), with finer fragments aligned parallel to bedding (arrowed white). B) Shows bedding laminations 
of carbonaceous material (arrowed white) and fragmented shell material (arrowed red). Pencil for 
scale (10 cm). 
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3.5.6 Medway Formation 
(Site Locality 6) 
 
3.5.6.1 Previous work and 
age 
 
The Medway Formation of 
early Tongaporutuan age 
(Browne, 1995) crops out in a 
tributary of the Awatere in 
Marlborough (Figure ‎3-19). 
Assigned to the Awatere 
Group, the Medway 
Formation is best described 
by Melhuish (1988), Maxwell 
(1990), Browne and Maxwell (1992), and Browne (1995) and it crops out extensively in 
the Medway and Awatere valleys.  
 
The lower stratigraphic succession of the Medway Formation is characterized by matrix- 
and clast-supported conglomerate and lenticular pebbly sandstone that can attain 
thicknesses up to 70 m (Browne, 1995), with rare fine-grained interbedded units 
consisting of sandy siltstone. The upper stratigraphic succession consists of decimetre-
thick sets of trough cross-bedded sandstone that form successions up to 200 m thick 
(Browne, 1995); however this succession was not observed in this study.  
 
The Medway Formation units are interpreted as representing a syntectonic depositional 
environment within inner to mid-shelf settings (Melhuish, 1988) responding to rising 
greywacke-dominated hinterlands (Browne, 1995).  
Figure ‎3-19 - Field locality of the Medway Formation measured 
section. Image sourced from LINZ. 
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Figure ‎3-20 - Medway Formation capped by Quaternary gravels, true left of Awatere River, Medway 
Valley. River flows from left to right. 
 
3.5.6.2 Field observations and inferred depositional environment 
 
The Medway Formation displays six distinct lithological units at the Awatere River 
outcrop locality: Pebbly sandstone, pebbly siltstone, sandstone, conglomerate, 
mudstone, and silty sandstone. 
 
Pebbly sandstones are light grey, very fine grained to coarse grained, poorly sorted, and 
typically fine upwards. Sub-rounded to rounded greywacke pebbles are abundant and 
randomly distributed, ranging in diameter from mm-scale to 5 cm, but commonly 5 mm. 
Faint Tb and Tc bedding is common, and appears to concentrate organic and 
carbonaceous material (Figure ‎3-21). Bioturbated mudstone burrows (Appendix H – 
Figure 4), scattered shell fragments (Appendix H – Figure 6) and suspended mudstone 
rafts up to 16 cm are also noted, commonly found at the base beds (Appendix H – Figure 
5). Pebbly sandstones range in thickness between 5-20 cm, and have either gradational 
or sharp and wavy lower contacts. 
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Pebbly siltstones are medium grey, moderately sorted and apparently massive. Pebbly 
siltstones have gradational lower contacts and are a minor lithofacies of the Medway 
Formation at the described locality. 
 
Sandstones are light grey with a buff brown weathered appearance, medium to very fine 
grained, and moderately sorted. Prevalent sedimentary structures include faint Tb and 
Tc bedding (Appendix H – Figure 8), bioturbated lenses of mud oblique to bedding 
planes, and flame structures. Sporadic mm-sized pebbles or mudstone rafts up to 4 cm 
are typically found at the base of beds. Scattered organic matter and shell fragments are 
common. Lower contacts are gradational or sharp and wavy, and preserved thicknesses 
range from 4-20 cm. 
 
Conglomerates are matrix-supported (Appendix H – Figure 12) and poorly sorted, where 
the matrix consists of scattered shell fragment and organic matter within dark grey 
mudstone, light grey-brown siltstone or grey-brown medium to coarse sand. In each 
instance the matrix displays normal grading. Conglomerate clasts are sub-rounded to 
rounded greywacke clasts, ranging in diameter from mm to 12 cm and showing crude 
NNE and NNW imbrications, although this is not always observed. Conglomerates 
typically show a coarse basal half, and grade upwards into medium sand with faint Tb 
pebble horizons, randomly scattered calcareous mudstone clasts up to 25 cm in 
diameter, and bioturbated dark-grey mudstone burrows. Lower contacts are either sharp 
and planar or sharp and wavy with up to 8 cm of relief. Conglomerates typically range 
between 20-60 cm, although reach up to 1.95 m in thickness. 
 
Mudstones are grey to dark grey, and display randomly scattered carbonaceous material 
and jarositic weathering. Mudstones are occasionally interbedded with sandstone and 
conglomerate beds up to 10 cm, with normal grading and sharp and wavy lower 
contacts. Mudstones are 20-107 cm thick and show sharp and planar lower contacts. 
 
Silty sandstones are light-medium grey, moderately sorted, and very fine grained. Silty 
sandstones have gradational lower contacts and are a minor lithofacies of the Medway 
Formation at the described locality. 
 
In this study the Medway Formation is inferred to have been deposited within a marine 
shelf environment that responded to pulses of sedimentation from regional tectonic uplift. 
Conglomerate beds are interpreted to reflect phases of high energy deposition 
prograding northwards based on crude clast imbrication, where sub-rounded to rounded 
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greywacke lithologies imply sediment reworking prior to deposition. Abundant shell 
fragments suggest a high-energy marine environment, however the presence of 
bioturbated mudstone burrows also suggests periods of low sedimentation and calmer 
conditions. This is interpreted to reflect syn-tectonic deposition, where bioturbation may 
reflect periods of tectonic quiescence where sedimentation rates are lower. The inferred 
depositional environment presented here is in agreement with other interpretations by 
Melhuish (1988) who suggested syn-tectonic deposition within an inner to mid-shelf 
setting, and Browne (1995) who inferred that sedimentation responded to the uplift of 
greywacke-dominated hinterlands. For additional field notes, photography and the 
Medway Formation measured section, please refer to Appendix H. 
 
 
Figure ‎3-21 - Pebbly sandstone of Medway Formation with faint Tb bedding, showing normal 
grading. 
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3.5.7 Starborough Formation (Site Locality 7) 
3.5.7.1 Previous work and age 
 
The Starborough Formation of 
Waipipian age (Browne, 1995) 
crops out in the Awatere River, 
adjacent to the rail/road bridge of 
State Highway 1 in Seddon, 
Marlborough (Figure ‎3-22). The 
Starborough Formation was first 
considered by Morgans (1980), 
and then subsequently by Beu & 
Maxwell (1990) and Roberts & 
Wilson (1992). Browne (1995) 
adopted a Waipipian age for the 
Starborough Formation, although 
this conflicts with the Mangapanian age reported by Roberts & Wilson (1992).  
 
The Starborough Formation consists of fine- to coarse-grained sandstone and very fine-
grained sandy siltstone that are interbedded with conglomeratic lenses up to 1.2 m thick 
(Browne, 1995). The Starborough Formation exposures of Starborough Creek and Blind 
River are interpreted to represent high-energy, storm-dominated inner to middle shelf 
sediments deposited during a regressive phase (Browne, 1995). However, a sample 
(P29/f152) from Starborough Creek near Seddon Village yielded mid-bathyal 
foraminiferal taxa such as Sigmoilopsis schlumbergeri (considered to live below 600 m) 
and therefore some parts of the formation are inferred to have been deposited in deeper 
water (Browne, 1995).  
 
3.5.7.2 Field observations 
A measured section of the Starborough Formation was not logged in this study due to 
the homogeneity of the outcrop, however for details on sampling locality and coordinates 
refer to Appendix I. 
Figure ‎3-22 - Field locality of Starborough Formation. Image 
sourced from LINZ. 
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Sandstone of the Starborough Formation is light brown, fine-grained and well sorted. The 
sandstone is apparently massive (Figure ‎3-23); however occasional shell hash horizons 
~10 cm thick define sub-horizontal bedding (Figure ‎3-24). Sporadic mudstone clasts up 
to 17 cm in diameter are common (Appendix I – Figure 2), in addition to randomly 
distributed sub-rounded to rounded greywacke pebbles (mm-sized). Shell remnants are 
disarticulated and fragmented, with the noted presence of Zygochlamys. Bioturbated 
horizons are also noted. 
 
 
 
Figure ‎3-23 - Massive, fine-grained, well sorted sandstone of the Starborough Formation near 
Seddon, northeastern Marlborough. Author for scale (1.86 m) 
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Figure ‎3-24 - Disarticulated and fragmented shell remains preserved in shell hash layers up to 10 cm 
thick define faint and sub-horizontal bedding planes with the Starborough Formation. Pencil for 
scale (10 cm). 
 
 
3.6 Previous work based on onshore southeastern Wairarapa 
geology 
 
The geology of the onshore southeastern Wairarapa region has been documented 
extensively by many scientific reports, papers and student theses and is best 
summarized in Geology of the Wairarapa area (Lee & Begg, 2002). Produced as part of 
GNS’ 1:250 000 map series, Lee & Begg (2002) gives a comprehensive understanding 
of the geology of the Wairarapa region and the southeastern part of the North Island, 
covering the area from the Tararua and Ruahine ranges in the west to the coastline in 
the east. The series replaces the earlier 1: 250 000 series geological maps covering the 
Wairarapa area (Kingma, 1962, 1967). Background literature relating to onshore 
southeastern Wairarapa geology is referred to with relevance to the outcrop localities 
visited and displayed in Figure ‎3-2. 
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3.6.1 Glenburn Formation 
(Site Locality 8) 
 
3.6.1.1 Previous work and age 
The Glenburn Formation of 
Ngaterian to Haumurian age 
(Crampton, 1997) crops out 
along a northeast-southwest-
trending belt of faulted and 
folded slivers east of the 
Adams-Tinui Fault along the 
Wairarapa coast (Lee & Begg, 
2002). The representative site 
examined in this study is late 
Pirirpauan in age, and crops 
out as a narrow coastal strip between the mouths of Pukemuri and Oroi Streams on the 
northwest-dipping limb of a northeasterly trending anticline in the Tora area, 
southeastern Wairarapa (Figure ‎3-25).  
 
Waterhouse & Bradley (1957) mapped and described the Glenburn Formation as a 
“Piripauan Sandstone”, with subsequent descriptions from van den Heuvel (1960), Eade 
(1966), Wellman (1970), Johnston (1975, 1980), Moore (1980), Pettinga (1980), 
Crampton (1997), Laird et al. (2003) and Hines et al. (2013). The Glenburn Formation 
has no group affiliation, however detailed mapping in the future may subdivide the unit 
into local members (Crampton, 1997). Glenburn Formation is the oldest known cover 
sequence of the Eastern Sub-belt.  
 
Laird et al. (2003) report that the Glenburn Formation at Tora consists of several metres 
of thin-bedded, parallel-laminated sandstone with thin mudstone beds averaging 10-20 
cm in bed thickness, thick massive sandstone beds (0.3-2.0 m thick) displaying flame 
structures, thick- (up to 2.7 m thick) and thin-bedded (5-10 cm thick) sandstones with 
interbedded mudstones with local carbonaceous layers and Ta, Tb and Tc Bouma 
intervals, and layers of granule to pebble conglomerate that are more common in the 
upper part of the succession. Elsewhere within onshore Wairarapa the Glenburn 
Figure ‎3-25 - Field locality of the Glenburn Formation measured 
section. Image sourced from LINZ. 
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Formation contains a wide suite of sedimentary structures and distinct facies, which are 
described and discussed in Crampton (1997). 
 
Several interpretations of depositional environment are proposed to explain sedimentary 
features of the Glenburn Formation (Moore, 1980; Pettinga, 1980; Crampton, 1997; Laird 
et al., 2003). Crampton (1997) inferred that the Glenburn Formation was deposited by 
mass flow and turbidity currents on one or more submarine fans. The depth of deposition 
of the Glenburn Formation is inferred to have shallowed with time, with upper parts of the 
formation deposited at inner shelf depths (Field & Uruski, 1997). Bouma sequences 
observed by Laird et al. (2003) are in agreement with Crampton (1997), and possible 
hummocky cross-stratification observed in both studies argues for deposition in a basin 
within shelf depths, probably just above storm wave base, for the youngest part of the 
unit. Factor analysis of heavy mineral suites suggests that Glenburn Formation may 
have been recycled, in part, from the Springhill Formation of the Western Sub-belt 
(Smale, 1993).  
 
The Glenburn Formation is considered a potential source rock within Pegasus Basin with 
mudstones that exhibit excellent gas potentials (Field & Uruski, 1997), although overall it 
comprises predominantly Types III and IV kerogen and is considered to have little 
hydrocarbon generative potential (Elgar, 1997).  
 
3.6.1.2 Field observations and inferred depositional environment 
 
The Glenburn Formation displays three distinct lithological units at the Tora shore 
platform outcrop locality: Sandstone, pebbly sandstone, mudstone and conglomerate. 
 
Sandstones are light-green grey, fine to medium grained, well sorted, and exhibit normal 
grading. Sandstones are massive (1.2 m – 2.0 m) (Figure ‎3-26), display Tc bedding (~10 
cm), or are interbedded with planar laminated mudstone (Tb bedding) (5 – 18 cm). 
Fragments of carbonaceous material are common in all sandstones; however features 
such as dark-grey brown concretionary nodules (20 cm x 50 cm), organic-rich silt clasts 
(8 cm x 3 cm) and flute casts appear to be confined to massive sandstones. Soft 
sediment deformation is common in sandstone beds, and is generally truncated by 
overlying sandstones (Appendix J – Figure 3). Some sandstone beds exhibit honeycomb 
weathering (Appendix J – Figure 3). Lower contacts are either sharp and wavy or sharp 
and planar. 
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Pebbly sandstones are light-grey green, coarse grained and moderately sorted. Pebbles 
are angular to sub-rounded, mm-sized, and appear to consist of greywacke. Lower 
contacts are sharp and planar. 
 
Mudstones are medium grey to dark grey, and organic rich. Some mudstones display 
yellow lenses of jarosite associated with carbonaceous material. Sedimentary structures 
include mm-scale continuous interbedded sandstone beds (Figure ‎3-26) that are typically 
found at the base or tops of mudstones, and bioturbation which appears restricted to the 
tops of beds. Mudstones are typically between 2 – 20 cm, and display sharp and wavy, 
sharp and planar, or gradational lower contacts. 
 
Conglomerates are matrix-supported, consisting of 2 mm – 5 cm angular to sub-rounded 
greywacke clasts supported in coarse-grained, poorly sorted green-grey sandstone. 
Sedimentary structures include distinct cm-scale planar bedding, interbedded with 
coarse sand laminae up to 1 cm. Imbrication appears parallel to bedding planes. 
Conglomerates are up to 80 cm and lower contacts are sharp and wavy with up to 10 cm 
relief (Figure ‎3-27).  
 
In this study the Glenburn Formation is interpreted to have been deposited by turbidity 
currents, based on the presence of Tc and Tb bedding. Fining upward packages 
(Figure ‎3-26) of carbonaceous mudstone interbedded sandstone overlain by massive 
amalgamated sandstones suggest that the depositional environment periodically 
switched between submarine lobe and lobe fringe settings, likely to be a result of lobe 
switching and avulsion. This depositional interpretation is consistent with those of 
previous workers such as Crampton (1997), and Laird et al. (2003) who have suggested 
deposition of the Glenburn Formation by mass flow and turbidity currents. The absence 
of observations such as hummocky cross-stratification in this study however cannot 
contribute towards discussions of deposition above storm wave base at shelf depths. 
For additional field notes, photography and the Glenburn Formation measured section, 
please refer to Appendix J. 
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Figure ‎3-26 - Thick, massive (amalgamated?) sandstone of the Glenburn Formation overlying thin-
bedded sandstones, and carbonaceous mudstone interbedded with sandstone. Hammer for scale. 
 
 
Figure ‎3-27 - Matrix-supported conglomerate of the Glenburn Formation, showing incision and 
scouring of the underlying sandstone with up to 10 cm relief. 
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3.6.2 Whangai Formation 
(Site Locality 9) 
 
 
3.6.2.1 Previous work and age 
 
The Whangai Formation of 
Haumurian to Teurian age 
(Moore, 1988b) is widely 
distributed in eastern North 
Island, cropping out 
dominantly in the Gisborne-
East Cape region and in 
southern Hawkes Bay and 
Wairarapa. Correlatives of the 
Whangai Formation are also known in Northland (Ngatuturi Claystone, Waiare 
Formation), Marlborough-North Canterbury (Conway, Woolshed, Herring, and Mirza 
formations), the Great South Basin and on Campbell Island (Garden Cove Formation) 
(Moore, 1988b). The representative section of Whangai Formation examined in this 
study is of Early Haumurian age (Laird et al., 2003), and crops out in Pukemuri Stream in 
the Tora area, southeastern Wairarapa (Figure ‎3-28), and sporadically on the shore 
platform northward to Manurewa Point (Figure ‎3-31). 
 
The Whangai Formation, assigned to the Tinui Group (Johnston, 1975; Moore, 1986), 
was first described as the Whangai Series by Quennell and Brown (1937), given 
formation status by Finlay and Marwick (1948), and defined as the Whangai Formation 
by Lillie (1953). Moore (1988b) described Whangai Formation as a widespread, 
predominantly non-calcareous to calcareous, siliceous mudstone which conformably or 
unconformably overlies older Cretaceous sedimentary rocks, and is generally overlain 
conformably by the Waipawa Formation (mid-late Teurian). The Whangai Formation is 
commonly bioturbated, with locally abundant calcareous concretions or chert nodules. 
Where present, bedded sandstones display parallel and ripple laminations, graded 
bedding and scour structures (Lee & Begg, 2002). Minor lithologies of Whangai 
Formation include glauconitic sandstone dikes, and pebble conglomerates (Lee & Begg, 
2002). Whangai Formation is seen to represent a transitional facies between the thick 
Figure ‎3-28 - Field locality of the Whangai Formation. Image 
sourced from LINZ. 
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Cretaceous coarse to fine clastic succession and overlying Paleocene-Eocene clay-rich 
calcareous sediments. Three major members of Whangai Formation and two other 
members of local distribution have been described (Moore, 1986, 1988b):  
 
x The Rakauroa Member, 
x Upper Calcareous Member, and 
x Porangahau Member 
 
In addition, the local members are Kirks Breccia and Te Uri. 
 
The formation displays complex lateral and vertical facies changes, particularly in 
eastern parts of the region such as the Tora Block, southeast Wairarapa (Field & Uruski, 
1997; Laird et al., 2003; Hines et al., 2013), although there is an overall (upward) change 
from non-calcareous siliceous mudstone to calcareous mudstone. Despite these 
lithological heterogeneities, Moore (1986) described a Western and Eastern facies, with 
most of the Whangai Formation in the Wairarapa represented by the Western Facies. 
 
The Rakauroa and Upper Calcareous members form the bulk succession of the Western 
Facies. The Eastern Facies is complicated by a combination of stratigraphic and 
structural changes making recognition of major units difficult, with the Porangahau 
Member essentially confined to this facies, however the Upper Calcareous Member can 
be distinguished in some sections (Moore, 1988b).  
 
The Late Cretaceous Rakauroa Member of the Whangai Formation of Tora, southeast 
Wairarapa, reaches its greatest thickness of 200 m in Pukermuri Stream (representative 
section examined in this study). However, its basal contact is faulted against the 
underlying Glenburn Formation, and its upper contact is erosionally-truncated by the 
Manurewa Formation, leaving full thickness unknown (Laird et al., 2003; Hines et al., 
2013). The Whangai Formation is typically 300-350 m thick (Moore, 1988b) and up to 
500 m. At Pukemuri Stream Whangai Formation consists dominantly of massive, dark 
purple-brown siliceous siltstone (Figure ‎3-29) and very fine sandstone, with scattered 
horizons of jarosite and calcareous concretions up to 2 m in diameter () (Laird et al., 
2003). Based on hummocky cross-stratification observed in the uppermost part of the 
Whangai Formation succession at Te Kaukau Point, Laird et al. (2003) inferred that the 
depositional environment was equivalent to a moderately shallow shelf, on a seafloor 
swept by frequent storms.  
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However, work on foraminiferal assemblages by Wilson and Morgans (1989) and Leckie 
et al. (1995) suggest that the Whangai Formation accumulated at bathyal depths, and 
findings from Killops et al. (2000) indicate that deposition took place in either outer shelf 
to upper bathyal depths. Paleocurrent directions in the Whangai Formation are sparse, 
although Moore (1988b) postulated a northerly flow direction based on scattered 
measurements of ripple cross-laminations in eastern Wairarapa, and suggested flow to 
the south at Makorokoro Stream, Raukumara Peninsula. 
 
The Whangai Formation is considered a potential source rock of Pegasus Basin; 
however, where it crops out onshore it is considered to be immature to marginally mature 
(Elgar, 1997). Whereas TOC values rarely exceed 1% (Field & Uruski, 1997), it is 
suggested that source rocks with low TOC values can still expel oil (Rogers et al., 1994). 
The Upper Calcareous and Rakauroa members have a maximum TOC value of 1.37%, 
comprised of oil and gas-prone Types II and III kerogen (Elgar, 1997). From bitumen 
extracts comprised predominantly of marine organic matter and a moderate terrestrial 
higher plant component, deposition of the Whangai Formation is inferred to have 
occurred under mildly reducing conditions, with periodic anoxic episodes suggested for 
the Upper Calcareous Member (Elgar, 1997). Unpublished visual kerogen studies by 
Hollis and Manzano-Kareah (2005) show a lower, siliceous facies of Whangai Formation 
with a significantly higher terrestrial contribution than stratigraphically higher calcareous 
mudstones, which suggests a more proximal depositional setting for lower parts of the 
formation.  
 
Reservoir characteristics of Whangai Formation vary from being fractured to (locally) 
clastic, and fracturing within the formation is suggested to be concentrated in places 
where the formation is more siliceous (Field et al., 2004). The reservoir characteristics of 
the Whangai Formation have been likened to those of the Monterey Formation of 
California (Moore, 1988b), a shale gas play in the United States, and the prospects of 
Whangai Formation providing a similar unconventional source are discussed by Griffin 
(2009). 
 
3.6.2.2 Field observations  
A measured section of the Whangai Formation was not logged in this study due to the 
homogeneity of the outcrop, however for details on sampling locality and coordinates 
refer to Appendix K. 
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Figure ‎3-29 - Dark purple-brown siliceous siltstone of the Whangai Formation at Pukemuri Stream, 
with possible bedding planes (dashed white lines) highlighted. White arrow indicates the younging 
direction, with compass (8 cm long) sitting on the contact between bedding. 
 
Figure ‎3-30 - A calcareous concretion within Whangai Formation, with encapsulating bedding near 
vertical. 
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3.6.3 Mungaroa Limestone 
(10) 
 
3.6.3.1 Previous work and 
age 
 
The Mungaroa Limestone of 
mid-late Teurian age (Hines 
et al., 2013) crops out at 
Manurewa Point in the core of 
a northeast-trending anticline 
in the Tora area, 
southeastern Wairarapa 
(Figure ‎3-31), and is also 
exposed in Pukemuri, 
Awheaiti and Te Oroi Streams 
of Tora and Te Kaukau Point 
11 km to the southeast. The Mungaroa Limestone has been described by McKay (1878), 
King (1930), Waterhouse (1954), Waterhouse and Bradley (1957), Kirk (1966), Browne 
(1987), Hines (2012), and Hines et al. (2013).  
 
Based on age, composition, and stratigraphy, the Mungaroa Limestone is considered the 
North Island-equivalent of the Amuri Limestone of Marlborough (Browne, 1987; Field & 
Uruski, 1997). Three informal members are recognized within the Mungaroa Limestone 
(Waterhouse and Bradley, 1957; Kirk, 1966; Browne, 1987; Hines; 2012): a lower 
calcareous mudstone and micritic limestone, a middle alternating mudstone and slightly 
glauconitic sandstone, and an upper porcellaneous limestone. The lower member grades 
into the middle member, which consists of 10-20 cm-bedded grey-green slightly 
glauconitic sandstone that display planar lamination, ripple cross-lamination and climbing 
ripples, alternating with thinner mudstone (Hines et al., 2013). Sandstone beds of the 
middle member have sharp erosional bases, and grade upwards into mudstone with dark 
laminae (Hines et al., 2013). The upper member (Figure ‎3-32) comprises well-bedded 
white micritic limestone, separated from the middle member by a diffuse contact, and 
displays uniform bedding with an average bed thickness of 10 cm with sharp contacts 
between beds, styolites and infrequent chert nodules (Hines et al., 2013). Throughout 
the upper member, discrete glauconitic sandstone beds are common, 30 cm to 8 m thick 
Figure ‎3-31 - Field locality of the Mungaroa Limestone 
measured section. Image sourced from LINZ. 
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that are interbedded with decimetre-bedded micritic limestone (Hines et al., 2013). 
Various sedimentary structures, including planar lamination, ripple and climbing ripple 
cross-lamination and dish structures, are displayed in the sandstone beds of the upper 
member (Browne, 1987; Hines, 2012). Zoophycos burrow structures, infilled with 
medium-fine glauconitic sand, are reported to occur throughout the formation (Browne, 
1987; Hines et al., 2013), becoming more abundant within the upper micritic limestone 
member. Intrusive, cross-cutting glauconitic sandstone dykes 20-50 cm wide are 
observed perpendicular to bedding in the middle member at Pukemuri Stream (Hines et 
al., 2013), and within the upper member at Te Kaukau and Manurewa points (Kirk,1966: 
Browne,1987). Hines (2012) recognized a fourth informal member, situated between the 
middle and upper members: two 50 cm-thick layers of dark, glauconitic, bioturbated 
mudstone separated by 1.5 m of decimeter-bedded grey sandstone and micritic 
limestone and correlated with the “Waipawa organofacies” based on preliminary 
geochemical analysis.  
 
Based on the presence of Osangularia sp., Rzehakina epigona, Glomospira charoides, 
Lituotuba sp., Nuttallinella florealis and Stensioina beccariiformis, Hines et al. (2013) 
inferred that the lower member of the Mungaroa Limestone in Pukemuri Stream was 
deposited at middle to lower bathyal depths. The well-bedded character of the middle 
member, with sharp basal contacts, parallel and cross-laminated bedding, and normal 
grading, has led workers to conclude that deposition is the result of low-density turbidity 
currents (Waterhouse & Bradley, 1957; Kirk, 1966; Browne, 1987; Hines et al., 2013). 
The inclusion of a Waipawa Formation-like facies, identified by Hines (2012) near the 
base of the upper member, is inferred to represent an influx of terrestrial organic matter, 
and a possible fall in eustatic sea level (Hines et al., 2013).  
 
The sandstone facies of the Mungaroa Limestone are suggested to have reservoir 
potential if they are found to be widespread in Pegasus Basin (Hines et al., 2013). Work 
by Field et al. (2004) has shown that the channel-fill greensand units of the Mungaroa 
Limestone at Te Kaukau Point are very fine grained, with common grain-replacive clays 
and locally pervasive calcite cement. Though equivalents found offshore in Pegasus 
Basin are likely to be finer grained, they may have clastic or fracture reservoir potential 
depending on compaction, cement content and feldspar dissolution. Porosity 
determinations from core plugs show that values range from 15 to 23%, with air 
permeabilities up to 53 mD (Field et al., 2004). One plug gave a measured porosity of 
22%, and had a visual porosity of 4-5% in thin section, indicating that most porosity 
occurs as micropores. 
98 
 
 
 
Figure ‎3-32 - Middle and upper members of the Mungaroa Limestone at Manurewa Point, 
southeastern Wairarapa. Measured section transect is highlighted by the red line. Extensional 
faulting (solid black lines) and folding (black dashed lines) show differing tectonic episodes 
imprinted on the outcrop. New Zealand fur seals (yellow circle) for scale. 
3.6.3.2 Field observations and inferred depositional environment 
The Mungaroa Formation displays six distinct lithological units at the Manurewa Point 
outcrop locality: Sandstone, calcareous sandstone, sandy limestone, mudstone, and 
micritic limestone. 
 
Sandstones are dark grey-green to light grey, fine-grained, moderately to well sorted and 
indurated. Sedimentary structures include planar laminated mudstone bedding (Tb) on 
mm-scale that commonly transitions into faint convoluted bedding, and faint cross 
bedding (Tc) that commonly transitions in massive sand. Most sandstones appear rich in 
glauconite, and some show calcite veins with fracture orientation striking SEE. 
Mudstones up to 2 cm are commonly interbedded between sandstone intervals 
(Appendix L – Figure 8) up to 10 cm that display either Tb or Tc bedding. Sandstones 
are typically 2 – 60 cm, reaching up to 300 cm, with lower contacts that are sharp and 
planar, sharp and wavy or gradational.  
 
Calcareous sandstones are light-green grey, fine to medium grained, and well sorted. 
Bioturbation is common, consisting of burrows of coarser grained sands ~2 mm in 
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diameter and parallel to bedding. Bioturbated burrows are also common on upper 
bounding surfaces of calcareous sandstones (Appendix L – Figure 3). Calcareous 
sandstones are rich in glauconite, with darker green beds presumably owing their 
colouration to higher concentrations of glauconite. Sedimentary structures include faint 
Tb bedding (Figure ‎3-33), ripple cross bedding (Tc) up to 23 cm in crest-crest 
wavelength (Appendix L – Figure 2), convoluted bedding, or a lack of any of these 
(massive). Calcite veins (Appendix L – Figure 4), honeycomb weathering and randomly 
distributed carbonaceous material are other notable features of calcareous sandstones. 
Higher in the succession where calcareous sandstones are found deposited between 
micritic limestones, 2 cm beds of sub-angular to sub-rounded greywacke clasts (~3 cm in 
diameter) are observed (Appendix L – Figure 10). Preserved depositional thickness 
ranges from 2 – 43 cm, and lower contacts are gradational, sharp and planar, or sharp 
and wavy. 
 
  
Figure ‎3-33 - Calcareous sandstone of the Mungaroa Limestone displaying planar-laminated bedding 
(Tb) and ripple cross bedding (Tc). Hammer for scale. 
Sandy limestones are light grey, very fine grained, and well sorted. They appear 
massive, lacking any notable sedimentary structures. Sandy limestones are typically up 
to 8 cm, with sharp and planar lower contacts. 
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Mudstones are orange-brown and carbonaceous, displaying planar-laminated bedding 
(Tb) on mm-scale near upper contacts. Discontinuous lenses of dark-grey fine-grained 
sand (1 cm (H) x 16 cm (L)) are common, in addition to concretionary nodules. Some 
mudstones show convoluted bedding (mm-scale), with sub-angular to sub-rounded 
pebbles up to 5 mm in diameter randomly distributed. Mudstones are typically 2 – 18 cm, 
with sharp and planar, or sharp and wavy lower contacts showing up to 2 cm of relief. 
 
Micritic limestones are light-grey, fine grained and well sorted. Some micritic limestones 
display planar bedding on a mm-scale, whilst others appear massive. Abundant 
bioturbation is common (Appendix L – Figure 9), appearing as dark grey lenses of 
glauconitic sand parallel to upper and lower bounding surfaces. Pyrite nodules ~ 8 mm in 
diameter are another notable feature. Micritic limestones range from 3 – 21 cm, and 
display sharp and planar, or sharp and wavy lower contacts. 
 
 In this study the Mungaroa Limestone is interpreted to have been deposited in a deep-
water environment that received sedimentation from a turbidite fan system that 
eventually waned and gave way to pelagic sedimentation. The presence of Tb and Tc 
intervals within sandstones and calcareous sandstones suggests deposition by turbidity 
currents. A high degree of bioturbation within these units suggests that sedimentation 
rates were relatively low. Higher in the Mungaroa Limestone succession the transition to 
micritic limestone is interpreted to reflect a waning of terrigenous input and a transition to 
pelagic sedimentation, however interbedded calcareous sandstones rich in glauconite 
and greywacke pebbles suggest this transition was intermittent. Emplacement of these 
calcareous sandstone intervals may have been triggered by submarine slumping from 
shallower depositional environments, or tectonic activity. The depositional environment 
proposed here is in good agreement with current thinking by Hines et al. (2013), who 
have suggested that the Mungaroa Limestone was deposited at middle to lower bathyal 
depths (800 -1500 m). For additional field notes, photography and the Mungaroa 
Limestone measured section, refer to Appendix L.  
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3.6.4 Whakataki Formation 
(Site Locality 11, 12 & 
13) 
 
3.6.4.1 Previous work and age 
 
The Whakataki Formation of 
Waitakian to Clifdenian age 
crops out along the Eastern 
Wairarapa coast in a 
discontinuous belt from Cape 
Turnagain to the Pahaoa 
River mouth (Lee & Begg, 
2002). Representative sites 
examined in this study include 
shore platforms at Flat Point 
(Site Locality 12 - Figure ‎3-35) and Wharepouri’s Mark (Site Locality 13 – Figure ‎3-36), 
and on White Rock Road (Site 
Locality 11 - Figure ‎3-34) in 
southeastern Wairarapa 
(Figure ‎3-2).  
 
Assigned to the Palliser Group, 
the Whakataki Formation was 
first recognized by Johnston 
(1975), who subsequently 
designated a type section 
inland near Tinui (Johnston, 
1980). The Whakataki 
Formation occurs on both sides 
of the Adams-Tinui Fault and 
east of the Akitio Fault Zone 
(Field & Uruski, 1997). 
However, the coastal wave-cut 
terrace at Wharepouri’s Mark, Wairarapa, is considered one of the best exposures of the 
Figure ‎3-34 - Field locality of the ?Whakataki Formation 
measured section (White Rock - Appendix M). Image sourced 
from LINZ. 
Figure ‎3-35 - Field locality of the Whakataki Formation 
measured section (Flat Point - Appendix N). Image sourced 
from LINZ. 
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formation (Field, 2005). The Whakataki Formation is well studied, with works by 
Johnston (1975,1980), Moore (1980), van der Lingen et al. (1985), Turnbull (1988), Neef 
(1992), Edbrooke & Browne (1996), Wellwood (1996), Field & Uruski (1997), Johansen 
(1999), Collen & Johansen 
(2000), and Field (2005). 
 
The formation lies 
unconformably on, or faulted 
against, older rocks along the 
length of the eastern coastline 
(Lee & Begg, 2002). 
Whakataki Formation is 
dominantly characterized by 
rhythmic centimetre- to metre-
scale interbedded graded 
sandstone and mudstone 
(Figure ‎3-37), with sandstone 
beds displaying channeled 
bases and Bouma sequences 
(Lee & Begg, 2002). 
 
 The upper Waitakian to early Otaian age Whakataki Formation of Whareporui’s Mark is 
dominated by alternating sandstone and mudstone, locally with conglomerates in 
addition to thick-bedded channelized sandstones (Field, 2005). Wharepouri’s Mark (one 
of the reference sections used for this study) offers a well-exposed shore platform at low-
tide, with beds dipping steeply at 60˚-70˚NNW. Sandstone lithofacies include parallel 
laminated (Bouma Tb division), ripple- and climbing-ripple-laminated sandstone (Bouma 
Tc), and convolute laminated sandstone (Bouma Tc), and a single mudstone lithofacies 
that is typically sandy and intensely bioturbated (Edbrooke & Browne, 1996; Field, 2005). 
From vertical stacking patterns and sedimentary structures, the Whakataki Formation of 
Wharepouri’s Mark is inferred to have been deposited as NNE- and ENE-flowing low 
density turbidity currents, in a channel-levee depositional environment (Edbrooke & 
Browne, 1996; Field, 2005). Edbrooke and Browne (1996) reported sandstone beds at 
Wharepouri’s Mark that are traceable for almost 500 m along-strike, with the major 
control on lateral continuity being depositional pinch-out probably reflecting periodic 
switching of flow direction.  
Figure ‎3-36 - Field locality of the Whakataki Formation 
(Wharepouri's Mark - Appendix O). Image sourced from LINZ. 
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Figure ‎3-37 -Rhythmic, well-bedded sandstone of the Whakataki Formation interbedded with 
mudstone on Mataikona Road, near Castlepoint, Wairarapa. 
 
Whakataki Formation that crops out at Riversdale, Wairarapa, consists of four lithofacies 
interpreted to have been deposited from Altonian to Tongaporutuan time, with greater 
degrees of sedimentary deformation than observed at Wharepouri’s Mark (Wellwood, 
1996).  
 
Offshore correlatives of Whakataki Formation have the potential to serve as hydrocarbon 
reservoir facies in Pegasus Basin. Titihaoa-1 drilled gas-bearing middle-Miocene 
turbidite facies that were referred to as the Takiritini Formation on the basis of age (Biros 
et al., 1994), and Whakataki Formation of Wharepouri’s Mark is considered an onshore 
analogue (Field, 2005).  
 
An outcropping succession of alternating sandstones and mudstones located on White 
Rock Road (5396371 N / 1801921 E – NZTM200), southeastern Wairarapa (Figure ‎3-34) 
is interpreted to represent Whakataki Formation. A sample analyzed only yielded a small 
fragment of an elongate Nodosarid, possibly Nodosaria longiscata (M. P. Crundwell, 
pers. comm. June 2014), and therefore age and paleodepth remain ambiguous.  
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3.6.4.2 Field observations and inferred depositional environment  
 
White Rock Road 
 
The ?Whakataki Formation displays three distinct lithological units at the White Rock 
Road outcrop locality: Sandstone, siltstone and mudstone. 
 
Sandstones are grey yellow-brown, fine to medium grained, and moderately to well 
sorted. Common sedimentary features include planar laminated bedding (mm-scale) 
(Tb), ripple cross bedding (mm-scale) (Appendix M – Figure 4), and convoluted bedding 
(mm-scale) (Tc) (Appendix M – Figure 4). Scattered sub-rounded mudstone clasts up to 
1 cm in diameter are observed, although their occurrence is not common. Sandstones 
are typically 5 – 27 cm, and display either gradational, sharp and planar, or sharp and 
wavy lower contacts. 
 
Siltstones are brown-grey and fine grained, containing alternating medium to coarse 
grained planar laminated sand with scattered carbonaceous material and inverse 
grading. Siltstones are up to 14 cm, with gradational lower contacts, however they 
represent a minor lithofacies of the ?Whakataki Formation at White Rock Road. 
 
Mudstones are dark-brown grey, and display no apparent sedimentary structures. 
Preserved thicknesses range from 1 – 24 cm, with lower contacts either gradational or 
sharp and planar. 
 
Flat Point 
 
The Whakataki Formation displays two distinct lithological units at the Flat Point outcrop 
locality: Sandstone and mudstone. 
 
Sandstones are light-grey to dark-grey, fine- to medium-grained and well sorted. 
Sedimentary structures include planar laminated bedding (Appendix N – Figure 2), cross 
bedding, climbing ripple foresets (Appendix N – Figure 6), flame structures and 
convoluted bedding (Appendix N – Figure 5), or appear massive. Soft sediment 
deformation structures are common amongst most sandstone beds, and occur near the 
upper contact. Ripple cross bedding appears to trend in a NNE current direction. 
Sandstones range from 8 – 68 cm, and display either gradational, sharp and planar, or 
sharp and wavy lower contacts with channelized relief (Appendix N – Figure 5).  
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Mudstones are dark-grey, and appear faintly bedded on a cm-scale. Some mudstones 
are heavily dissected by numerous fractures and faults infilled with calcareous material 
that reacted vigorously to a 10% HCl acid test (Appendix N – Figure 8). Mudstones 
range from 7 – 353 cm, and display either gradational, sharp and planar, or sharp and 
wavy lower contacts.  
 
Wharepouri’s Mark 
  
The Whakataki Formation displays two distinct lithological units: Sandstone and 
mudstone. 
 
Sandstones are medium-grey green to light-grey pink, fine- to medium-grained, and well 
sorted. Common sedimentary structures include planar laminated bedding (Tb), ripple 
cross bedding and climbing ripple foresets (Tc), convoluted bedding (Tc) (Figure ‎3-38) 
and soft sediment deformation. Ripple cross bedding orientations imply a flow direction 
to the NNE. Randomly distributed carbonaceous material is common, often highlighting 
cross bedded foresets and starved ripples (Appendix O – Figure 5). Some sandstone 
beds are locally channelized into underlying depositional units (Appendix O – Figure 8) 
with up to 3 cm of relief. Sandstones are typically 2 – 30 cm, and display either sharp 
and planar or sharp and wavy lower contacts. 
 
Mudstones are dark-grey and display no apparent sedimentary structures (massive). 
Randomly distributed carbonaceous material is common, and occasionally appears 
orange-brown as a result of oxidation. Mudstones are typically 2 – 18 cm and display 
sharp and wavy lower contacts.  
 
In this study the Whakataki Formation is interpreted to have been deposited within a 
deep-water environment via turbidity currents. The presence of Bouma Tc and Tb 
intervals noted at each outcrop locality provides firm evidence for this interpretation, with 
erosional relief and scouring on the lower contacts sandstone beds inferring deposition 
via high-traction currents. However, there are notable differences between each locality. 
Mudstones separating sandstone beds occur least frequently at White Rock Road, 
suggesting a more proximal setting within a submarine lobe environment where erosion 
has led to preferential preservation of sand. In contrast, at Flat Point the high proportion 
of mudstone to sandstone, and preserved thicknesses of mudstone imply a more distal 
part of the lobe, or later fringe. At this locality soft-sediment deformation is extremely 
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abundant within sandstones, and proportionally higher than the degree of soft sediment 
deformation observed at Wharepouri’s mark, in agreement with observations made by 
Wellwood (1996). The depositional interpretation presented in this study is in broad 
agreement with other workers (Edbrooke & Browne, 1996; Field, 2005), who have 
interpreted the Whakataki Formation as being deposited within a channel-levee 
environment. For additional field notes, photography and the Whakataki Formation 
measured sections, refer to Appendices M, N, & O. 
 
 
Figure ‎3-38 - Sandstone bed of the Whakataki Formation at Wharepouri's marking displaying a planar 
laminated interval (Tb), overlain by cross bedding (Tc), and soft sediment deformation. 
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4 Reservoir Petrography 
4.1. Introduction 
The offshore sedimentary succession of Pegasus Basin remains largely untested. However, 
study of outcropping rocks of the southeastern Wairarapa and northeastern Marlborough 
regions surrounding the basin’s margins are thought to provide valid insight into the 
sedimentary rocks of the basin and in turn the potential and quality of Pegasus Basin’s 
reservoir rocks.  
In this study, 13 outcrop localities, 7 in Marlborough and 6 in Wairarapa, were selected, 
described, and sampled for their potential as reservoir targets in Pegasus Basin (see 
Chapter 3). There is a general consensus that reservoir potential of Pegasus Basin lies in 
the sedimentary packages of the Cretaceous and Neogene periods, due to the abundant 
deposition of sandstone during these times (Field & Uruski, 1997). On the basis of this 
premise, 6 thin sections from each region (Wairarapa and Marlborough, 12 thin sections 
total) were point counted in order to classify their particle composition. In each of the regions, 
3 samples were selected from Cretaceous-aged rocks, and 3 samples were selected from 
Neogene-aged rocks. This chapter discusses the petrography and provenance of these 
sediments with comparisons to other studies. 
4.2. Samples and data 
At each outcrop locality several sandstones were sampled and selected for thin section 
preparation, however for the scope of this study only one representative thin section from 
each locality was selected for point count analysis and photomicrographs based on visual 
assessment.  
The following thin sections were selected, with further information provided in Table 1 and 
representative photomicrographs provided in Figure  4-1 to Figure  4-4: 
• Wairarapa (Neogene) 
o Sample WR-004 – ?Whakataki Formation (unknown age) 
o Sample FP-004 – Whakataki Formation (Middle Miocene) 
o Sample WHPM-003 – Whakataki Formation (Early Miocene) 
• Marlborough (Neogene) 
o Sample AWA-05 – Starborough Formation (Late Pliocene) 
o Sample MWR-005 – Medway Formation (Late Miocene) 
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o Sample DMS-003 – Great Marlborough Conglomerate (Early Miocene) 
• Wairarapa (Cretaceous) 
o Sample TORB-002 – Glenburn Formation (Late Cretaceous) 
o Sample TORB-005 – Glenburn Formation (Late Cretaceous) 
o Sample TORB-006 – Glenburn Formation (Late Cretaceous) 
• Marlborough (Cretaceous) 
o Sample HPK-003 – Bluff Sandstone (mid Cretaceous) 
o Sample MF-004 – Warder Formation (mid Cretaceous) 
o Sample HDR-002 – Split Rock Formation (late Early Cretaceous) 
The samples selected for thin sectioning were assigned VUW numbers for processing 
purposes, and a “P” number in the NZ PETLAB database (www.pet.gns.cri.nz). One thin 
section (AWA-05) was provided for this study by Dominic Strogen (GNS Science), from a 
sample collected by Greg Browne from the representative outcrop locality used in this study 
(Figure 3-1). 
  
109 
 
  
Figure 4-1 – Representative photomicrographs of Neogene-aged sandstones from Wairarapa localities, 
shown on the left in plane polarized light (PPL), and on the right in cross polarized light (XPL). A) shows 
moderately-sorted angular to sub-rounded quartz grains ranging in size between very fine- and fine-
grained. Dark coloured grains are heavy minerals, carbonaceous fragments, or lithic fragments. B) 
shows a clay-rich lamination of well-sorted, angular to rounded grains, with abundant bioclasts that 
show geopetal structures. A calcite vein can be seen cross-cutting the lamination (on the left), which has 
likely infilled a fracture or burrow. Where clay-rich zones are absent, pervasive calcite cement is 
present. C) shows a moderate to well-sorted, angular to sub-rounded quartz-rich sandstone. Quartz and 
feldspar grains appear white in plane polarized light, whereas heavy minerals, carbonaceous fragments, 
and lithic grains appear dark brown/black. 
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Figure 4-2 - Representative photomicrographs of Cretaceous-aged sandstones from Wairarapa localities, 
shown on the left in plane polarized light (PPL), and on the right in cross polarized light (XPL). A) shows 
moderately-sorted, angular to sub-angular quartz rich sandstone that lacks visual porosity, likely due to 
compaction. In cross polarized light, an elongate muscovite grain (green yellow) displays high-order 
interference colours, likely derived from a metamorphic source. B) shows a poorly-sorted, angular to 
sub-angular sandstone. Lithic grains are dominantly siltstones (centre) and sandstones (top left). 
Glauconite can also be seen below a sandstone grain (cross polarized light, green). C) shows a 
moderate to well-sorted sandstone, composed of angular to sub-rounded monocrystalline and 
polycrystalline quartz grains. Quartz-quartz grain contacts have undergone pressure solution. 
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Figure 4-3 - Representative photomicrographs of Neogene-aged sandstones from Marlborough localities, 
shown on the left in plane polarized light (PPL), and on the right in cross polarized light (XPL). A) shows 
a well sorted, quartz-rich feldspathic litharenite. Note the abundant primary porosity, highlighted by the 
blue epoxy in plane polarized light. B) shows poorly sorted, sub-angular to sub-rounded lithic grains 
composed of siltstone (top 1/3rd, left, brown) and quartz grains (top 1/3rd, right, white). Note primary that 
porosity is still present, however it is compromised where it is infilled by degrading and unstable lithic 
fragments turning into secondary clays and matrix. C) shows a well sorted, quartz-rich litharenite. 
Primary porosity is still apparent in plane polarized light, however unstable labile grains have infilled 
available void space. 
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Figure 4-4 - Representative photomicrographs of Cretaceous-aged sandstones from Marlborough 
localities, shown on the left in plane polarized light (PPL), and on the right in cross polarized light (XPL). 
A) shows very well sorted, angular to sub-angular grains suspended in pervasive calcite cement. 
Carbonaceous fragments and lithic grains are abundant, appearing as brown grains in plane polarized 
light. Note the lack of primary porosity in plane polarized light. B) shows fine to very fine grains that are 
moderately sorted. Note the normal grading in the thin section, where grain size appears to decrease 
going up the photomicrograph. Carbonaceous fragments appear dark brown in plane polarized light. C) 
shows poorly to moderately sorted, fine-grained quartz and feldspar grains that are dispersed between 
fine-grained laminations abundant in organic matter and clays (dark brown, plane polarized light). 
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4.3. Analytical programme and methodology 
4.3.1. Sample preparation 
Samples collected in the field were prepared as standard covered thin sections with 
assistance from VUW’s thin section technician Stewart Bush. Samples were impregnated 
with a fluorescent blue-dyed epoxy resin prior to thin section preparation in order to highlight 
porosity and to hold together poorly consolidated and/or fractured samples. The entire thin 
section was stained with cobaltinitrite for potassium feldspars (stains yellow), and then half 
of the thin section was stained with Alizarin red (ARS) and potassium ferrucyanide (PF) to 
reveal carbonates (red (ARS)/blue (PF) stain) The organic dye Alzarin red S will produce a 
pink to red stain on any carbonate that will react with dilute acid, whereas Potassium 
ferricyanide (PF) produces a precipitate of Turnbull’s blue when ferrous iron is released to 
the staining solution. 
4.3.2. Sandstone grainsize and petrography 
 Thin sections were examined using transmitted polarised light with an Olympus BX51using 
a mounted Olympus DP70 camera and software. Grain size for each thin section was 
estimated visually based on the Wentworth scale presented in Folk (1974), whilst sorting 
was estimated visually based on the sorting classes of Pettijohn et al. (1973). Roundness 
was estimated quantitatively with comparison to the scale presented in Powers (1953). The 
thin sections were then point counted to determine their composition and visible porosity. In 
addition, visual porosity estimates were also made with comparison to the chart presented in 
Terry and Chilingar (1955). For each thin section, 300 points were counted using a Swift 
point counter, which gives an approximate error of 5% to the data (van der Plas & Tobi, 
1965). A grid spacing was used that resulted in coverage of the whole slide and avoided 
more than one count per grain. Initial visual assessment of the thin sections revealed that 
the sandstones of this study had a significant lithic component, therefore it seemed 
appropriate that they be counted using the Folk classification scheme (1970) rather than the 
Gazzi-Dickinson method (outlined and evaluated in Ingersoll et al. (1984). The Gazzi-
Dickinson method includes single crystals larger than 0.0625 mm as mineral grains, 
regardless of whether they actually occur as separate clastic particles or as constituent 
crystals within polycrystalline particles (Dickinson, 1985), which would inaccurately reflect 
the significant lithic component. Where identified, chert fragments were counted in the total 
quartz component of each thin section.  
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4.4. Sandstone petrographic results 
4.4.1. Grain size and textural data 
Cretaceous sandstones in Marlborough are typically fine-grained , and moderately to well 
sorted (Table 1), whilst sandstones from the Cretaceous in Wairarapa ranged from very 
coarse-grained to fine-grained, and poorly to moderately sorted. Neogene sandstones in 
Marlborough are very fine- to fine-grained, whilst sandstones from the Neogene Period in 
Wairarapa are all very fine-grained, with both ranging from poorly to well sorted (Table 1).  
Cretaceous sandstones from both Marlborough and Wairarapa regions show a range of 
rounding, from angular to sub-rounded (Table 1). In contrast, the samples from the Neogene 
period were angular to sub-angular, with the exception of sample DMS-003, which is sub-
angular to sub-rounded (Table 1). 
Results of sorting and roundness from the samples in this study suggest that sandstones of 
both Neogene and Cretaceous age are texturally immature, with the abundance of angular 
and sub-angular grains indicating relatively short transport distances between sediment 
source and depocentre, and minimal sediment reworking in the sedimentary basin prior to 
accumulation.  
Many of the samples analysed contained finer-grained, matrix-rich zones running through 
them e.g FP-004 (Figure 4-1 B). These probably represent finer-laminae of bed tops, which 
is likely in the planar-laminated and cross-bedded samples analysed, however others appear 
irregular and may represent infilled fracture zones or burrowing. 
4.4.2. Detrital Mineralogy 
The detrital mineralogy of the samples from this study is dominated by quartz (mono- and 
polycrystalline), feldspar (dominantly plagioclase), lithic fragments (dominantly sedimentary), 
and accessory minerals. The sandstones generally classify as litharenites (Figure  4-6), with 
the exception of three samples (AWA-05, WR-004, WHPM-003) that plot as feldspathic 
litharenites (Folk et al., 1970). Neogene sandstones appear to be more feldspathic than 
Cretaceous sandstones (Figure  4-6). The percentages of components described here are 
expressed as a percentage of the whole rock, with details shown in Appendix P.     
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Quartz is the most dominant detrital component in all sandstone samples of this study, with 
monocrystalline dominant in all instances (23.7 - 41.3%) (Appendix P). Polycrystalline quartz 
is also prominent (1.7-30.3%), particularly in TORB-006, and in some cases appears as 
sutured quartz grains (Figure  4-5). Chert was rare, but does occur in small amounts in each 
sample and was counted as polycrystalline quartz in this study.  
 
Plagioclase (2.0-13.3%) is by far the most abundant feldspar (Appendix P). Most plagioclase 
feldpars show simple and complex twinning, although some are untwinned and only 
distinguished from quartz due to the degree of weathering. From this it may be possible that 
the proportion of plagioclase feldspar is underestimated in some samples. K-feldspar is 
absent to rare in all samples (0.0-4.7%), and was identified as yellow-stained grains due to 
staining, and the lack of twinning. Plagioclase feldspar is commonly altered, showing grain-
coating clays and partial dissolution within grains, leading to secondary porosity 
enhancement (Figure  4-9). Where heavily altered, plagioclase grains were often hard to 
distinguish from others. 
Lithic grains are very common in all samples, dominated by sedimentary lithic fragments 
(8.3-46.7%), and lesser volcanic (0.0-6.3%) and metamorphic (0.0-4.3%) fragments 
(Appendix P). Sedimentary fragments are dominated by fine-grained to coarse-grained 
sandstone, siltstone and shale lithologies (Figure  4-7), show mixed degrees of alteration, 
commonly degrading to form pore-occluding matrix and clays, and are commonly angular to 
Figure 4-5 – Examples of monocrystalline (Qm) and 
polycrystalline (Qp) quartz, with pressure solution 
boundaries highlighted by red arrows. Sample MF-004, 
cross polarized light. 
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sub-rounded. Limestone fragments are very rare in Cretaceous sandstones, but occur more 
frequently in Neogene sandstones, particularly from Wairarapa. No truly high-grade 
metamorphic grains were identified; metamorphic rock fragments were typically represented 
by low-grade phyllite grains that showed early signs of foliation developing. Igneous rock 
fragments were commonly extrusive, of basic to intermediate composition, displaying 
feldspar and quartz lathes suspended within a finer-grained volcanic matrix, however most 
were heavily altered and often difficult to identify. There was an absence of acidic volcanic 
rock fragments. 
Glauconite is fairly common is most samples (0.0-5.7%), although it is not observed in any 
Cretaceous sandstones from Marlborough (Appendix P). It varies in quality from very fresh 
and rounded grains, to mildly compacted and altered grains where it appears brown. In 
some sandstones it is found coating grains, and may have an authigenic origin. Glauconite is 
commonly associated with opaques in many of the sandstones, also suggesting an 
authigenic origin. 
Organic matter forms a minor component of most sandstones (0.0-5.7%), and is common 
within Cretaceous-aged sandstones (Appendix P)., where it is also commonly observed on 
the macro-scale in outcrop. 
Mica grains form a minor component of accessory minerals (0.0-1.3%), particularly in 
Cretaceous sandstones (Appendix P), and appear to be dominated by muscovite grains, 
with biotite being almost completely absent.  
Skeletal foraminifera were present (0.0-8.7%), and were particularly abundant in Neogene 
sandstones from Wairarapa, and to a lesser extent in Marlborough (Appendix P). Where 
present they show geopetal structures. No forams were identified in Cretaceous sandstones, 
were they have likely dissolved and reprecipitated as calcite cement elsewhere.  
117 
 
  
Table 1 - Neogene (yellow) and Cretaceous (green) thin sections that were analysed 
for this study. Porosity values stated here were estimated from visual charts of Terry 
and Chilingar (1955).  Key for abbreviations: W = Well; M = Moderately; P = Poorly. 
Anglr = Angular; Rnded = Rounded. Msv = Massive; Tb = Planar-laminated; Tc = 
Cross-bedded.  
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Figure 4-6 – QFL plot of detrital mineralogy of the samples from this study (Appendix P), with formations 
indicated. Yellow circles refer to Neogene sandstones, and green circles refer to Cretaceous sandstones from 
this study in this diagram and those that follow. Sandstone classification from Folk et al. (1970). 
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4.4.3. Authigenic and diagenetic mineralogy 
The samples in this study have undergone varying degrees of diagenetic alteration. It is 
apparent that compaction appears to be more prevalent within the Cretaceous-aged 
sandstones, however calcite cement formation varies in sandstones of both the Cretaceous 
and Neogene periods.  
Carbonate cement, whilst not quantified in this study, was noted in several sandstones to 
various degrees. Calcite cement occurs prominently within samples FP-004, WHPM-003, 
HPK-003, TORB-005, and TORB-006, where it occurs as both grain-coating and pore-
occluding cement, commonly with “drusy” textures (Figure  4-8). In sample WHMP-003, blue 
staining reveals that ferroan calcite is present, however this was the only sample in which 
this type of calcite was observed. In sample FP-004, calcite cement appears to infill fractures 
that once existed in the formation and the abundant presence of shell fragments suggest 
that this could be a possible source for reprecipitation.  
Figure 4-7 – Shale and mudstone rock fragments in various 
states of alteration (highlighted by red arrows). A large 
greywacke lithic clast is seen in the bottom right corner 
(Gw). Sedimentary rock fragments of this nature are typical 
of all sandstones in this study. Sample MWR-005, plane 
polarized light. 
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Authigenic opaques (oxides?) are common in most samples (0.0-2.3%) (Appendix P), and 
commonly occur as scattered, well-rounded grains, often in association with glauconite 
grains. 
Authigenic clays (0.0-12.0%) occur in most samples (Appendix P), where they either infill 
pore space, coat grains that are undergoing alteration (typically feldspars), or occur between 
grains that have become sutured (quartz). Clay matrix occurs in dispersed zones within most 
samples, and it is uncertain whether it is of detrital or authigenic origin. 
4.4.4. Porosity 
Porosity was estimated visually by means of point counting, and comparison with visual 
estimation charts of Terry and Chilingar (1955). Open porosity (derived from point counting - 
Appendix P) is best represented in Neogene-aged sandstones (Figure  4-9) (0.7-26.7%), and 
Figure 4-8 –A) Calcite cement with “drusy” texture infilling fractures (indicated by red arrows). Sample 
FP-004, plane polarized light. B) Calcite cement coating a quartz grain (indicated by red arrows). Sample 
HPK-003, cross polarized light. 
Figure 4-9 – A)Well preserved, open porosity, indicated by the blue infilling epoxy in a Neogene age 
sandstone. Sample AWA-05, plane polarized light. B) Secondary porosity, in the form of dissolution of 
feldspars (red circle), and fractures (red arrows). Cretaceous-aged sandstones typically only display 
secondary porosity. Sample MF-004, plane polarized light. 
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is not apparent within Cretaceous-aged sandstones, with the exception of samples MF-004 
(6.3%) and HDR-002 (1.3%) (Appendix P). Whilst not quantified, secondary porosity is 
apparent in some samples through the dissolution of feldspars and development of fractures 
(Figure  4-9). Fracture porosity is apparent within Cretaceous-aged sandstones, however it is 
hard to discern whether this is inherent or has arisen during sample preparation. Visual 
porosity estimation determined by comparison with charts of Terry and Chilingar (1955) is 
subjective, and tends to overestimate values (i.e. AWA-05, 26.7% from point counting vs. 
~30-40% from chart comparison). Micro-porosity is likely to provide a major component of 
overall porosity in samples that display dissolution, however it was not measured in this 
study. Carbonate cement and authigenic clay formation are the main porosity reducing 
factors, and to a lesser extent compaction, which may assist with clay matrix formation. 
4.4.5.   Reservoir quality 
It is apparent from visual estimates of porosity that sandstones of Neogene age show the 
best primary porosity, over sandstones of Cretaceous age. Reservoir quality in Cretaceous-
aged sandstones appears to be inhibited by the presence of carbonate cement and 
authigenic clay formation, the latter of which likely arises from compaction of labile grains 
such as feldspars and lithics.  
Carbonate cement is prevalent in Neogene-aged sandstones from Wairarapa, whilst it is 
largely absent from sandstones of the same age from Marlborough. Martin & Baker (1991) 
produced a study of 99 Miocene-aged sandstone samples of the central and northern East 
Coast Basin, collected from outcrop and wells. Their results indicated that calcite 
cementation appears to have been widespread through the basin, present in almost all 
samples analysed, and interpreted as a relatively early process which took place before any 
extensive compaction had occurred. The lack of calcite cementation in Neogene-aged 
sandstones from Marlborough suggests either carbonate rocks are not as prevalent in 
Marlborough and/or do not provide large amounts of calcareous lithics, or that diagenetic 
processes occurring during this time were not homogenous across the East Coast Basin. If 
the latter, this could in part be attributed to the complex interplay of tectonics and 
sedimentation during this time. 
The large component of lithic grains in sandstones of Neogene and Cretaceous age in this 
study makes them particularly susceptible to primary porosity loss through compaction and 
alteration of these grains, which likely aids in the development of authigenic clays. If these 
sandstones are analogous of those to be found in Pegasus Basin, there is a high probability 
sandstones found there will be affected in the same way.   
122 
 
    
4.5. Sandstone Classification 
4.5.1. Provenance 
As seen in Figure  4-6, the samples of this study generally plot as litharenites of Folk et al. 
(1970), with the exception of two sandstones from the Whakataki Formation (WR-004 & 
WHPM-003) and a sandstone from the Starborough Formation (AWA-05). All samples plot 
as litharenites (Figure  4-6), with the dominant lithic lithology of sedimentary origin. With 3 of 
the six Neogene sandstones plotting as feldspathic litharenites, it is apparent that Neogene 
sandstones are richer in feldspars than sandstones of the Cretaceous. Of the feldspars, 
plagioclase is much more abundant than K-feldspar in all sandstones of this study. The 
principal source for detrital plagioclase is basic and intermediate lavas, and metamorphic 
rocks, whilst K-feldspar is attributed to alkali and acidic igneous rocks such as granites 
(Boggs, 2009). This suggests that the source of feldspars in sandstones of this study, 
particularly those of the Neogene, has come from basic and intermediate volcanics such as 
those found in Canterbury and Marlborough, and possibly metamorphic rocks such as low-
grade Torlesse. Volcanic sources include the mid-Cretaceous Mt Lookout Volcanics (Challis, 
1960, 1966; Montague, 1981; Reay, 1993) and Tapuaenuku Intrusive Complex (Nicol, 1977; 
Baker & Seward, 1996), the Oligocene Cookson Volcanics (Browne & Field, 1985), and 
potentially Miocene volcanics such as Banks Peninsula. It is noteworthy however that 
igneous rock fragments do not make up a large proportion of the lithics. It is also noteworthy 
that igneous sources in Wairarapa are minor, and this is reflected for example in the low 
percentage of lithic grains from the Whakataki Formation (0.0-1.7%). Igneous source areas 
would have been more prevalent in Marlborough, at least during the Neogene. 
The prominent component of polycrystalline quartz in the sandstones of this study also 
suggests a metamorphic source, however it is possible that some polycrystalline quartz 
grains may have been formed from pressure solution reactions, particularly in the 
Cretaceous sandstones. This is in contrast to the low number of metamorphic lithic 
fragments identified in this study, however these fragments were generally identified as low-
grade phyllites that can be subjective depending on the operator, and thus the metamorphic 
component of sandstones in this study may be underestimated.  
The Cretaceous sandstones are less feldspathic than those of the Neogene, suggesting that 
the signature of feldspars may have been diluted with successive recycling of sediments, 
where feldspars break down to form authigenic clays. For both the Neogene and Cretaceous 
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sandstones, it is likely that the Torlesse Supergroup is the parent source of the eroded 
sediment.  
In the mid-Cretaceous, collision of the Hikurangi Plateau with the eastern Gondwana 
subduction margin caused uplift and erosion of the Chatham Rise accretionary prism at c. 
105 Ma, which likely sub-aerially exposed the Torlesse Supergroup to provide a source of 
sediments for adjacent depocentres during Cretaceous times. At the beginning of the 
Miocene (ca. 23-22 Ma), the development of the modern plate boundary created uplift of 
hinterlands, likely composed of Torlesse Supergroup, to provide clastic sedimentation to 
sedimentary depocentres that were dominated by fine-grained and pelagic sedimentation. If 
the sandstones analysed in this study are analogous of those found in Pegasus Basin, then 
it is likely that rocks of both Cretaceous and Neogene age offshore have been sourced from 
erosion of the Torlesse Supergroup. 
4.5.2. Comparisons with other studies 
There is very little published data on the petrography of Cretaceous and Neogene 
sandstones from the East Coast Basin; however, where possible comparisons have been 
made in this study. Although different authors may have used slightly different techniques, 
some useful trends appear when these data are considered together with respect to this 
study. 
Crampton (1988) reported on the petrography of Jurassic-Cretaceous sedimentary rocks of 
the Monkey Face area in southern Marlborough, sampling rocks of the Torlesse Supergroup, 
Warder Formation and Bluff Sandstone. Sandstones of the Gridrion Formation (Warder 
Formation and Bluff Sandstone) from Crampton (1988) typically plot as lithic feldsarenites 
and feldspathic litheranites (Figure  4-10), in contrast to the Warder Formation and Bluff 
Sandstone of this study, which both plot as litharenites. Data from Crampton (1988) are 
more representative of the provenance of the Warder Formation and Bluff Sandstone than 
data of this study, where a larger data set was analyzed.  
Crampton (1988) suggested that the close association of sandstone composition between 
the Torlesse Supergroup and overlying Gridiron Formation reflected recycling of Torlesse 
rocks, however he did note an apparent but poorly constrained trend of increasing lithic 
content towards the top of the Gridiron Formation. This trend was suggested to reflect input 
of comparatively immature sediment as a result of nearby tectonic activity associated with 
Ngaterian volcanism, which may explain the signatures seen in the Cretaceous sandstones 
of this study. 
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It is apparent that Cretaceous sandstones of this study and those of Crampton (1988) are 
both sourced from the Torlesse Supergroup. An explanation for discrepancy in composition 
between Cretaceous sandstones of this study and those of Crampton (1988) may lie in the 
selection of sampling localities, where the Bluff Sandstone of this study was sampled some 
50 kilometres northeast of the Monkey Face area in Hapuku River. Differences in counting 
methodologies, in particular the treatment of lithics, is also likely to have caused discrepancy 
in results. 
Figure 4-10 – QFL plot of detrital mineralogy of the samples of this study, as well as unpublished data 
from GNS, data from Titihaoa-1 and Tawatawa-1,  data from Strogen (2011, Orui-1A and Te Mai-2), 
Watters (1990), and Crampton (1988). Sandstone classification from Folk et al. (1970).  
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Whilst no Paleogene sandstones were sampled or analysed during this study, data from 
Watters (1990), and the Orui-1A and Te Mai-2 wells (Strogen, 2011) were plotted against 
sandstones of this study to infer provenance during the Paleogene. Work by Watters (1990) 
included petrographic analysis of 9 sandstones from the Wairarapa region, ranging in age 
from Cretaceous through to the Miocene times, and these have been re-plotted to include 
polycrystalline quartz and chert with quartz, as in this study. One Cretaceous-aged 
sandstone, presumed to be Mangapokia Formation of the Western Sub-belt of Wairarapa, 
plots in close association with sandstones of the upper Bluff Sandstone (Crampton, 1988) as 
a feldspathic litharentite, and is likely derived as a product of recycled Torlesse. Paleogene 
sandstones of Watters (1990) and Strogen (2011) dominantly plot as subfeldsarenites 
(Figure  4-10). The lack of a lithic component in Paleogene sandstones suggests that they 
were largely separated from a clastic input, which is consistent with pelagic sedimentation 
during this time. 
Compositional data from Titihaoa-1, Tawatawa-1, and unpublished data from GNS Science 
has been included in this study for comparison against Neogene-aged sandstones from the 
Wairarapa and Marlborough regions. Sandstones from Titihaoa-1 plot as both lithic 
feldsarenites and feldspathic litharenites (Figure  4-10), and are texturally similar to Neogene-
aged sandstones of this study. Whilst feldspars were not differentiated in the study of 
Titihaoa-1 sandstones, it was reported that dissolution of these grains was common, likely to 
have been redistributed locally as kaolinite or smectitic overgrowths (Biros et al., 1994) 
Sandstones from Tawatawa-1 plot as lithic feldsarenites (Figure  4-10) (Tap Oil Limited, 
2004) and are texturally similar to Neogene-aged sandstones of this study. Unpublished data 
from GNS Science on 10 sandstones from the Whakataki Formation at Wharepouri’s Mark 
plot as lithic feldsarenites, feldspathic litharenites, and litharenites (Figure  4-10), however 
half (5) of the sandstones plot as litharenites. Bulk rock XRD analysis from this unpublished 
data indicates that plagioclase is dominant over K-feldspar (B. D. Field pers. comm., April 
2015), although the opposite was true from petrographic analysis, suggesting that alteration 
can hinder identification. Whilst not included here in this study due to geographic location, 
sandstones from Martin & Baker (1991) are classified as litharenites and feldspathic 
litharenites. 
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5 Seismic Interpretation 
5.1 Introduction 
Recent acquisition of the PEG09 seismic survey acquired by the New Zealand Government 
to stimulate exploration interest within New Zealand has revealed the seismic stratigraphy 
and tectonic history of Pegasus Basin. 3200 line km of high quality 2D seismic data has 
been interpreted in order to identify the main stratigraphic successions in Pegasus Basin, 
ultimately to make comparisons with outcropping strata of the northeastern Marlborough and 
southeastern Wairarapa regions. This chapter discusses the regional mapping of Pegasus 
Basin, including the seismic reflectors mapped across the basin, tectonic episodes linked to 
basin development, horizon maps, and possible onshore analogues of identified seismic 
packages.  
5.2 Data  
 Pegasus Basin remains frontier basin, and as such, no wells have yet been drilled within it. 
The nearest wells to Pegasus Basin include Titihaoa-1 and Tawatawa-1, drilled 150 km and 
200 km to the north, respectively. Titihaoa-1 reached Total Depth (TD) within Middle 
Miocene sediments (Biros et al., 1994), and Tawatawa-1 reached TD within Late Miocene 
sediments (Tap Oil Limited, 2004). These two wells are therefore only useful to elucidate the 
age of seismic units of Middle Miocene and younger in Pegasus Basin, though ties to these 
wells are considered tenuous. Stratigraphic interpretation of the East Coast is difficult due to 
the highly dynamic tectonism and syn-tectonic deposition associated with accretion. 
Intervening basins are ephemeral and steeply dipping thrust faults of the prism may be 
symptomatic of strike-slip offset (Uruski & Bland, 2010). 
 Pioneering work on Pegasus Basin by Uruski & Bland (2010) has shown that interpretation 
across the East Coast accretionary prism is highly speculative, and is associated with 
seismic reflection packages that are difficult to assign to a specific epoch (Figure ‎5-1). 
Consequently, it was decided that no well ties would be attempted in this study due to the 
complexity of the intervening geology and varying degrees of success associated with 
previous interpretations, such as Uruski & Bland (2010). 
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Figure 5-1 - Seismic tie from Tawatawa-1 into Pegasus Basin, from Uruski & Bland (2010). The accretionary 
prism is very complex where stratigraphic sections are seen to thicken through fault repetition, and the 
nature of data quality in some places prevents seismic horizon association (marked by ? symbol).The depth 
of penetration of the Tawatawa-1 well (to Late Miocene) is indicated. Image sourced from Uruski & Bland 
(2010). 
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5.3 Interpretation methods 
Standard seismic interpretation was performed with Schlumberger’s Petrel E&P Software 
Platform 2013 on a Hewlett-Packard z800 workstation. The following steps were taken for 
regional seismic interpretation: 
1. A seismic interpretation project was created within Schlumberger’s Petrel E&P 
Software Platform, which included the full PEG09 survey (17 lines), the SAHKE-001 
line, and an outline of the New Zealand coastline for geographic context. 
2. A composite line was created through the basin to visually check for seismic miss-
ties. 
3. Previous work by Uruski & Bland (2010) was considered, particularly difficulties 
encountered during their interpretation, and geological reasoning for their results. 
4. Major faults of the basin were interpreted, and correlated across multiple lines where 
possible. 
5. Nine seismic horizons were interpreted across the basin, based on major 
unconformities and seismic reflection characteristics, that are thought best to explain 
the geology of the basin and fulfil the aims of this study. These include (in 
stratigraphic order): 
i. Top Hikurangi Plateau 
ii. Top Albian Unconformity/Torlesse 
iii. Top Early Cretaceous 
iv. Top Late Cretaceous 
v. Top Oligocene 
vi. Top Early Miocene 
vii. Top Middle Miocene 
viii. Top Late Miocene 
ix. Seabed. 
In addition to these horizons, composite horizons (see below) were also created to 
highlight important aspects of the basin’s petroleum system elements and geological 
history. These include: 
i. Economic Basement 
ii. Early Cretaceous subduction margin sediments 
6. The loop-tie method was utilised, where all reflectors on all lines were tied back to 
previously interpreted areas to ensure that there were no seismic horizon “busts.” 
7. Each interpreted seismic horizon was used to create a surface in two-way time (TWT) 
and gridded with a grid spacing of 1000 m, constrained by a polygon that resided 
within the boundaries of the survey. These surfaces were used as a first-pass to 
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check for seismic horizon misinterpretations that appeared as geologically 
unreasonable contour groupings, such as bow-tie patterns. The misinterpreted lines 
were then checked, and where appropriate, reinterpreted, with the surfaces then re-
created and contoured.  
8. Each horizon surface (excluding “Top Albian Unconformity/Torlesse”) was then 
entered, with major regional interpreted faults, into a structural framework model, in 
order to superimpose fault traces on surfaces where they displace the respective 
horizon. These faults were then exported as fault polygons. 
9. Surfaces created in Step 7 were then depth-converted using a stacking velocity model 
created from the stacking velocities of the PEG09 survey. Isopach maps were created 
by calculating depth isochrones between two interpreted, and depth converted 
surfaces, and were then gridded. Fault polygons were then depth converted and 
superimposed on depth-converted surfaces. 
Possible errors in interpretation may result from the obvious lack of wells in Pegasus Basin, 
and the difficulty correlating seismic horizons within the East Coast accretionary prism. 
Interpretation was also difficult in the southwest sector of the basin, where the northern 
margin of the Chatham Rise accretionary prism approaches the seaward limit of the East 
Coast accretionary prism. 
5.4 Polarity statement 
For all subsequent seismic figures, both interpreted and uninterpreted, the polarity 
convention used is EAGE (European Association of Geoscientists & Engineers) normal. 
Deflection to the right (blue peak) indicates an increase in acoustic impedance across a 
geological boundary (increase in velocity multiplied by density, and a positive seismic 
amplitude), and deflection to the left indicates the opposite (i.e. a decrease in acoustic 
impedance). Therefore, in the seismic figures used in this study a red loop indicates negative 
polarity and a soft “kick” and a blue loop indicates a positive polarity and a hard “kick” 
(Figure ‎5-2 ). 
Figure 5-2 - EAGE normal polarity has been used for all seismic 
figures displayed in this study. A blue loop indicates a positive 
amplitude and a hard “kick”, whilst a red loop indicates a negative 
amplitude and a “soft” kick. Imaged courtesy of OMV New 
Zealand. 
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5.5 PEG09 survey location 
Seismic data used in this report include the open-file 2009-10 PEG09 survey, and the 
SAHKE-001 research line (Figure ‎5-3).  
 
  
Figure 5-3 - Seismic survey location and distribution, showing nearby wells. Dashed yellow 
lines indicate the approximate locations of seismic figures in this chapter, numbers refer to 
figure numbers displayed in the scale bar of each diagram. 
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5.6 Seismic stratigraphy and interpreted horizons 
5.6.1 Economic Basement 
Basement rocks beneath Pegasus Basin are inferred to comprise of two “terranes”:  
x Metasedimentary rocks of the Torlesse Supergroup, namely Pahau Terrane which 
was accreted to the active Gondwana subduction margin between Late Jurassic and 
Early Cretaceous time (Rattenbury et al., 2006), and 
x Early Cretaceous rocks of the mostly-igneous Hikurangi Plateau (Large Igneous 
Province, LIP) 
The rocks of the Torlesse Supergroup were accreted and metamorphosed to varying 
degrees along the Gondwana margin, prior to, and during entrance of the Hikurangi Plateau 
under the Chatham Rise accretionary  prism c. 110 Ma (Davy, 2014). Jamming and rotation 
of the Gondwana margin occurred c. 105 Ma (Davy, 2014), and an erosional unconformity of 
similar age is interpreted on the north slope of the Chatham Rise, where inferred Torlesse 
Supergroup is truncated by a north- to northwest-dipping reflector (see “Top Albian 
Unconformity/Torlesse”). The Early Cretaceous Hikurangi Plateau (see “Top Hikurangi 
Plateau”) is interpreted to represent a section of a much larger LIP, the Otong Java-Manihiki-
Hikurangi Plateau (Taylor, 2006), and is inferred to be the top of a relatively bright dipping 
reflector that underlies undeformed and gently deformed Early Cretaceous sedimentary 
strata. Economic basement is a composite reflector, composed of both the Top Hikurangi 
Plateau and Top Albian Unconformity/Torlesse reflectors.  
132 
 
 
Figure 5-4 - Part of line SAHKE-001 showing the various states of deformation for Early Cretaceous 
rocks of Pegasus Basin: 1 – relatively undeformed Early Cretaceous sedimentary rocks outboard 
of the relict Gondwana subduction margin; 2 – faulted and folded Early Cretaceous sedimentary 
rocks “frozen” in the process of accretion; 3 – Highly tectonised and imbricated Torlesse 
Supergroup. Upper layer of the Hikurangi Plateau are well imaged beneath the Early Cretaceous 
successions and are inferred to represent intercalated volcaniclastics and pelagic sediments. 
Coloured surfaces represent the seismic intervals recognized in this thesis. These colour coded 
surfaces are used in other figures that follow. 
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The term “Economic Basement” is used to encompass all rocks that are considered too 
deeply buried to be part of a petroleum system (Uruski & Bland, 2010). Torlesse is indurated 
and contains no valid source or reservoir rocks and so forms part of the region’s economic 
basement. This assumption is based on outcropping rocks of the Torlesse Supergroup, 
which has undergone a combination of induration and burial to a degree that has largely 
destroyed the source rock potential of organic matter, and also reservoir quality (Bland et al., 
2014). Interpreted Torlesse Supergroup have lateral equivalents to the north and northwest 
of the Chatham Rise accretionary prism that are “frozen” in the process of accretion 
(Figure ‎5-4), and in some places the Top Albian Unconformity has been mapped on this 
sedimentary package. Whilst these mildly-deformed Early Cretaceous sediments may 
contribute to the petroleum system of Pegasus Basin in the form of structural anticlinal folds 
(Uruski & Bland, 2010; Bland et al., 2014) for the purposes of this study they are considered 
economic basement. Similar arguments exist on distinguishing basement from “cover” in 
onshore Wairarapa and Marlborough (Lee & Begg, 2002; Rattenbury et al., 2006).  
Results from drilling of the Ontong-Java Plateau have shown that upper layers of that 
plateau include lithic tuff, lapillistone, bioturbated limestone, chert, claystone, and thin 
organic-rich claystone, in places intercalated with pillow lavas (Sikora & Bergen, 2004). By 
analogy the upper layers of the Hikurangi Plateau are inferred to have similar intercalations, 
with a provenance differing from overlying Early Cretaceous sediments that were deposited 
once the plateau had become “docked” within the Gondwana margin. These rocks are 
unlikely to have contributed to Pegasus Basin’s petroleum system, and thus the Top 
Hikurangi Plateau is also considered top economic basement in this study.  
5.6.2 Top Hikurangi Plateau 
The Hikurangi Plateau is thought to be a third component of a Large Igneous Province (LIP) 
known as the Otong Java-Manihiki-Hikurangi Plateau (Taylor, 2006).  The original LIP is 
thought to have origins linking to a lower mantle-derived “superplume”, with Ar/Ar dates of 
feldspars from Hikurangi Plateau lavas constraining the onset of volcanism at or before 118 
Ma (Hoernle et al., 2010). The Hikurangi Plateau is now situated 1200 to 1600 km south-
southwest of the Osborn Trough (present-day latitude 26°S), which is thought to represent 
the location of the triple junction where spreading and separation from the Manihiki Plateau 
occurred 120-115 Ma (Billen & Stock, 2000; Hoernle et al., 2010; Davy, 2014). 
The Top Hikurangi Plateau is marked as the top of a series of bright dipping reflectors that 
can be traced from beneath the Chatham Rise, below the sedimentary basin-fill of Pegasus 
Basin, and to some degree, beneath the East Coast accretionary prism (Figure ‎5-4). These 
reflectors range in thickness from 0.5-2.0 s TWT, and are of moderate- to high-amplitude, 
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with moderate to high continuity. This upper package of the Hikurangi Plateau is interpreted 
to represent extrusive volcanic deposits, volcaniclastics and pelagic sediments (Wood & 
Davy, 1994; Sikora & Bergen, 2004; Davy et al., 2008). In many places the reflectors of the 
Hikurangi Plateau are disrupted by extensional faults (Figure ‎5-4), which are thought to 
result from the final stages of breakup of the Otong Java-Manihiki-Hikurangi Plateau (Davy 
et al., 2008). In the axis of Pegasus Basin, interpreted Early Cretaceous sediments down lap 
against the Top Hikurangi Plateau unconformity, and in many instances thrust faults of the 
Chatham Rise accretionary prism are interpreted to sole out at this interface. This latter 
observation suggests that mechanically weak intervals, perhaps the rafted pelagic 
successions of the upper Hikurangi Plateau, act as a basal decollement surface at the relict 
Gondwana subduction interface. The intercalated sediments underlying the Top Hikurangi 
Plateau are likely to have been scraped off the down-going LIP during subduction and 
incorporated in the accretionary nappes of the Chatham Rise accretionary prism, a 
suggestion that has been made where this relict interface has been imaged elsewhere (Davy 
et al., 2008). 
5.6.3 Top Albian Unconformity/Torlesse 
The Top Albian Unconformity/Torlesse reflector mapped in Pegasus Basin is a surface that 
separates basement from “cover”, where highly-tectonised, imbricated, moderately 
metamorphosed Torlesse Supergroup is capped by an angular erosional unconformity that is 
overlain by either Early or Late Cretaceous sedimentary rocks. The unconformity dips to the 
north or northwest, and displays moderate to high amplitudes that diminish towards the north 
with increasing depth (Figure ‎5-5, uninterpreted section), becoming conformable within the 
Early Cretaceous succession (Figure ‎5-6). Reflections within the Torlesse Supergroup have 
weak to moderate amplitudes, are very discontinuous, display intense folding and faulting, 
and have a general dip to the southeast. Steeply dipping reflection patterns that are seen to 
offset shorter and discontinuous reflectors are interpreted to represent thrust faults 
(Figure ‎5-5). 
These thrust faults are likely to represent “suture” zones marking the progressive accretion 
of Torlesse Supergroup nappes. The youngest rocks that are inferred to represent Torlesse 
Supergroup in this study are Early Cretaceous, and are likely to increase in age further into 
the Chatham Rise accretionary prism (see Figure ‎5-4, numbers 2 & 3). Early Cretaceous 
rocks “frozen” in the process of accretion have been incorporated into the Torlesse 
Supergroup in this study, however they are likely to have equivalents in onshore 
Marlborough such as the informal “Champagne formation” (Crampton & Laird, 1997; 
Crampton et al., 2003), where the boundary between Torlesse rocks and “cover” sequences 
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remains debated (Hollis et al., 2013). Thus they can be observed as moderately deformed 
Early Cretaceous rocks or Torlesse Supergroup under this train of thought. Where the Top 
Albian Unconformity/Torlesse reflector truncates Early Cretaceous rocks in the process of 
accretion (Figure ‎5-4, number 2) the reflector is seen to display varying degrees of relief. 
This relief could be the result of pre-existing subsurface topography, or possible deformation 
of the surface during the 5 My between plateau jamming (c. 105 Ma) and full subduction 
cessation (100 Ma). Whilst discussing the seismic characteristics of inferred Torlesse 
Supergroup, it should be noted that no attempts were made to identify or distinguish these 
rocks in the modern day East Coast accretionary prism (Figure ‎5-4). Interpreting and 
correlating horizons within the East Coast accretionary prism is fraught with difficulty, where 
a combination of data quality, likely a result of intense tectonism, and steeply-dipping thrusts 
with a variable strike-slip component make correlating horizons in this area very  
problematic.  Horizon picking in this area of the basin is very tentative, as can be seen in 
other works (Uruski & Bland, 2010; see Figure 5-1). The presence of outcropping 
Cretaceous and Paleogene-aged rocks on the coast at Tora, southeastern Wairarapa (Hines 
et al., 2013) supports the notion that rocks of this age may be present at much shallower 
depths of the East Coast accretionary prism, reinforcing its geological complexity. 
The formation of the unconformity is likely to be a product of progressive uplift migrating 
north in tandem with slab detachment. The erosional unconformity is likely to be diachronous 
(Laird & Bradshaw, 2004) being youngest at the southeast crest of the Chatham Rise 
accretionary prism (Figure ‎5-5) and increasing in age with increasing depth into Pegasus 
Basin where it becomes conformable within the Early Cretaceous sedimentary succession. 
From onshore outcrops, Laird & Bradshaw (2004) suggest that the unconformity surface 
ranges from late early to late Albian, however in Marlborough the unconformity is recorded 
as an intra-Motuan event of very short duration (Rattenbury et al., 2006). Such an 
unconformity in Pegasus may have sub-aerially exposed the southeastern crest of the 
Chatham Rise accretionary prism, as implied by the truncated nature of the horizons. Further 
down the accretionary prism crest where the angular unconformity overlies moderately 
deformed Early Cretaceous sediments, it is inferred that this was a low-lying coastal plain 
with terrestrial deposits (Uruski & Bland, 2010). Deeper in Pegasus Basin where the time-
equivalent of the angular unconformity becomes conformable within the Early Cretaceous 
sedimentary succession, it may appear as a paraconformity of relatively short duration. If the 
southeastern crest of the Chatham Rise accretionary prism was exposed to sub-aerial 
erosion this may explain the heterogeneity in amplitude of the erosional unconformity from 
southeast to northwest, however this could also be a result of a stronger seismic reflection 
where the overlying sedimentary succession is markedly thinner.  
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The Top Albian Unconformity /Torlesse reflection is a trough (red), which suggests a soft 
response, and is considered anomalous as the rocks below the unconformity are interpreted 
to represent Torlesse Supergroup rocks that are indurated. This was noted by Uruski & 
Bland (2010), who proposed this trough could represent hydrocarbons that had migrated 
from deeper in Pegasus Basin to become trapped within a transgressive sandstone 
overlying the sediment/basement interface. Alternatively, this response could be a result of 
weathering or alteration that the interface experienced between erosion and deposition of 
the cover succession.  
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Figure 5-5 - Part of line PEG09-017 showing the fossilised Gondwana subduction interface that existed 
during mid-Cretaceous time. The increasing intensity of shading of the Torlesse Supergroup represents an 
increasing metamorphic gradient speculated to be present within the Chatham Rise accretionary prism. A  
northwest post-subduction erosional surface can be seen truncating Torlesse Supergroup, with amplitude 
of the surface diminishing north-northwestward with increasing depth.   
138 
 
5.6.4 Top Early Cretaceous 
The Early Cretaceous sedimentary rocks of Pegasus Basin can be viewed in various states 
of deformation (Figure ‎5-4), however this section addresses the relatively undeformed 
succession (Figure ‎5-6). The Top Early Cretaceous reflector is seen to mark the boundary 
between sediments that were deposited within a convergent tectonic regime (below), and 
those deposited within an extensional regime (above), marking the beginning of the passive 
margin succession. Whilst previous workers have used a composite horizon for the Albian 
unconformity and top Early Cretaceous (Uruski & Bland, 2010), new understandings on 
subduction at the eastern Gondwana margin suggest that it took 5 Myrs for complete 
cessation once the Hikurangi Plateau became “docked” at 105 Ma (Davy, 2014). This 
suggests that “docking” and formation of a regionally-extensive Albian unconformity was 
followed by a short pulse of sedimentation before the beginning of the Late Cretaceous, and 
thus they are interpreted as two separate surfaces in this study. 
The relatively undeformed Early Cretaceous succession of Pegasus Basin ranges between 
300 ms (in front of the East Coast accretionary prism) and 900 ms TWT (in front of the thrust 
tip of moderately deformed equivalents, see Figure ‎5-6), and is seen to thin away from the 
former Gondwana subduction margin. Internal reflections can be divided into two sections, 
above and below the time-equivalent surface of the Albian unconformity (Figure ‎5-6). 
Reflections below the time-equivalent Albian unconformity surface have low- to moderate 
amplitude, with continuous and parallel reflections, and down lap against the interpreted Top 
Hikurangi Plateau reflector. These are interpreted to represent similar intercalations to those 
inferred for the alternating lavas and deep-ocean sediments of the Hikurangi Plateau, 
however they are probably dominated by pelagic sediments as the low amplitudes suggest 
that impedance contrast, and thus lithology, does not differ dramatically within this 
sequence. This could alternatively be a result of low reflection energy at such a depth.  
Reflections above the time-equivalent Albian unconformity surface are typically bland, with 
very low amplitudes and continuity, only showing faint parallel and continuous reflectors near 
the top of the interpreted horizon. The initial bland reflectors are interpreted to represent 
distal sands derived from erosion of the uplifted Chatham Rise accretionary prism, with their 
homogeneous reflection character suggesting a dominant lithology. Where reflection 
bedding becomes apparent near the top of the succession, this is seen to represent variable 
deposition of sand and mud and may be analogous to the Split Rock Formation of 
Marlborough, or the Springhill Formation of Wairarapa. 
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Early Cretaceous rocks are also interpreted to mantle the Top Albian Unconformity/Torlesse 
horizon in places on the Chatham Rise accretionary prism. These are likely to be deposits 
derived from the detachment-related uplift to the southeast during the last stages of 
subduction, and are interpreted to infill topographic lows in the erosional unconformity 
surface. These shallow depocentres may represent coastal plain or marginal marine 
deposits analogous to the Warder Formation of Marlborough. 
5.6.5  Late Cretaceous 
The Late Cretaceous sedimentary rocks of Pegasus Basin have previously been inferred to 
mark the beginning of a passive margin succession that lasted nearly 80 Myrs (Uruski & 
Bland, 2010), and are well represented in Pegasus Basin. The Late Cretaceous seismic 
package is generally 500 ms thick (TWT), and thins onto the Chatham Rise. Late 
Cretaceous reflections generally onlap the Top Early Cretaceous Horizon deeper in the 
basin, but on the north slope Chatham Rise in places the older Early Cretaceous succession 
has been removed, and inferred Late Cretaceous sediments rest unconformably on the Top 
Albian Unconformity/Torlesse Horizon. 
Seismic reflections are generally continuous, with moderate frequency, displaying moderate 
to high amplitude, and show more reflectivity than the bland Early Cretaceous succession 
(Figure ‎5-6). In one instance on SAHKE-001, inferred Late Cretaceous reflections overlying 
Early Cretaceous sediments display high-amplitude, discontinuous and blocky reflections, 
which may in part represent coaly-facies (Figure ‎5-4). The Top Late Cretaceous seismic 
succession of Pegasus Basin is likely to have deep-water equivalents of the Wallow, Hapuku 
and Seymour groups of Marlborough, and the Glenburn Formation of Wairarapa. Bright 
amplitudes near the top of the succession on the north slope Chatham Rise may represent 
the beginning of deposition of Whangai Formation and equivalents that are now sufficiently 
mature for hydrocarbon expulsion. 
5.6.6 Top Oligocene 
The Top Oligocene reflector is a prominent peak (hard “kick”) that varies from moderate to 
very high amplitude around the basin, and reflections within this package are interpreted to 
represent the entire Paleogene period. A high amplitude trough within this package that 
onlaps the Top Late Cretaceous horizon on the north slope Chatham Rise is tentatively 
correlated with the onshore Waipawa Formation (Figure ‎5-7, begins at 5.4 s TWT), and 
marks the beginning of a series of moderate frequency, high to very high amplitude, 
continuous reflectors that are interpreted to mark the onset of carbonate deposition within 
Pegasus Basin. Near the top of the succession reflectors maintain high amplitudes and 
moderate frequency, but become less continuous and show a broken and discontinuous 
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appearance, which is typical of carbonate deposition (Uruski & Bland, 2010). The broken 
and discontinuous appearance of upper Paleogene succession has been inferred to be a 
feature of sediment dewatering (C. I. Uruski pers. comm., January 2015), following rapid 
deposition of the thick overlying Neogene succession. Alternatively, the blocky appearance 
may result from zones of intense greensand dike injection, which is commonly reported from 
Paleogene successions in both the Wairarapa and Marlborough regions (Browne, 1987; 
Browne et al., 2005; Hines et al., 2013; Hollis et al., 2013). 
 The Top Oligocene rocks of Pegasus Basin are inferred to represent the boundary between 
increasingly dominant carbonate deposition during the Paleogene, and the onset of clastic 
deposition in response to establishment of the modern plate boundary.In common with other 
basins around New Zealand, the Oligocene succession on the north slope Chatham Rise is 
likely to represent a depositional environment that was largely starved of terrigenous input, 
dominated by limestones (peaks), with subordinate greensands and marls (troughs), similar 
to the Amuri Limestone of the Marlborough region. Typically, the Paleogene succession 
ranges in thickness from 300 ms (TWT) outboard of the modern subduction front to 600 ms 
(TWT) on the north slope Chatham Rise.  This interval is likely to contain the Marshall 
Unconformity, however no definitive position has been assigned in this study. 
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Figure 5-6 - Part of line SAHKE-001 showing the seismic reflection characteristics of interpreted Early 
Cretaceous and Late Cretaceous sedimentary rocks of Pegasus Basin. A time-equivalent surface of the 
Albian erosional unconformity is inferred to exist in the undeformed Early Cretaceous succession, where it 
is conformable. 
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5.6.7 Early Miocene 
The beginning of the Neogene Period in Pegasus Basin marks initiation of the modern plate 
boundary, and an abrupt change in facies from carbonate-dominated deposition to clastic 
sedimentation. Seismic reflectors beneath the Top Early Miocene horizon both onlap and 
downlap against the Top Oligocene horizon (Figure ‎5-8), and would represent the downlap 
surface of the first-order megacycle proposed for Cretaceous-Cenozoic sedimentation in 
New Zealand by (King et al., 1999). The reflections show high frequency, high continuity, 
with low to moderate amplitude, suggesting a change from the widespread limestones of the 
Oligocene succession into less indurated fine-grained clastics. The succession is thickest in 
front of the East Coast accretionary prism (1 s TWT) and thins towards the crest of the north 
slope Chatham Rise (~150 ms TWT). Internal reflections are seen to onlap the base of the 
north slope of the Chatham Rise, and thus tracing the Top Early Miocene upward onto the 
rise  is difficult. The Early Miocene succession in Pegasus Basin is likely to include 
turbidites, with the Whakataki Formation of onshore Wairarapa providing a possible 
analogue. Early Miocene sediments on the north slope Chatham Rise are likely to include 
some carbonate deposition that was gradually replaced by clastic deposition, and may be 
relatable with the Motunau Group of the Marlborough region.  
5.6.8 Middle Miocene 
Reflections of the Middle Miocene succession in Pegasus Basin share similar characteristics 
to those of the Early Miocene, however amplitudes generally increase, and there is a change 
in internal reflection geometry. A cut-and-fill geometry becomes apparent within the Middle 
Miocene (Figure ‎5-8) in the axis of Pegasus Basin, that has characteristics of erosive and 
prograding fill. This feature is seen on multiple seismic lines, and possibly represents the 
initiation of a paleo-Hikurangi Trough. Onshore correlatives during the Middle Miocene 
includes the Palliser Group of Wairarapa, which is predominantly flysch, and the Waima 
Formation of Marlborough, which includes the Great Marlborough Conglomerate. Whilst 
offshore Middle Miocene correlatives in Pegasus Basin are likely to consist of flysch, the 
Great Marlborough Conglomerate may serve as a useful analogue for understanding 
shorewards feeder channels that supplied sediment to such submarine canyons.  
5.6.9 Late Miocene 
The Late Miocene succession is characterized by high continuity, high frequency, and 
moderate to high amplitude reflections (Figure ‎5-8). They show the highest amplitude values 
of the Miocene intervals, and this is interpreted to reflect large contrasts in lithologies of the 
succession. The Late Miocene succession contains high amplitude, discontinuous reflectors 
that onlap and terminate against the slope of the Chatham Rise, and are interpreted to 
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reflect coarse-grained lag deposits of a migrating paleo-Hikurangi Channel. Onshore 
formations such as Medway and Upton formations of the Awatere Group are likely to have 
correlatives within this succession. The Late Miocene follows the same trend as the Early 
and Middle Miocene successions, thinning onto the Chatham Rise, and being thickest in 
front of the East Coast accretionary prism. 
 
  
Figure 5-7 - Part of line PEG09-017 showing seismic reflection characteristics of the Top Oligocene 
horizon and the underlying Paleogene succession. A bright trough (5.4 S TWT) that is seen consistent 
within the succession is tentatively correlated with the onshore Waipawa Formation, and the upper 
interval is interpreted to reflect offshore correlatives of the Amuri Limestone. 
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Figure 5-8 - Part of line PEG09-019 showing seismic characteristics of the interpreted Early, Middle and Late 
Miocene successions in Pegasus Basin. The Early Miocene rocks represent the first pulse of clastic input 
into an environment that was dominated by carbonate deposition. The Miocene may have reservoir facies in 
Pegasus Basin, represented by thin-bedded turbidites like those encountered in Titihaoa-1. Interbedded 
mudstones may act as sealing lithologies. 
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5.7 Additional features of interest 
5.7.1 Migration of the Hikurangi Channel? 
The Hikurangi Channel is the dominant feature of the Hikurangi Trough, acting as the main 
sediment conduit for the majority of the sediment entering the trough (Lewis et al., 1998; 
Lewis & Pantin, 2002). The PEG09 survey images the migration of the Hikurangi Channel in 
high resolution, which has implications for mapping potential reservoir facies, and 
constraining the age of migration if age-control from wells or cores can be tied.  Migration of 
the Hikurangi Channel is inferred to occur on a segment of line PEG09-010 (Figure ‎5-9), 
where a set of prograding clinoforms begin lateral migration in a northeast direction above 
the interpreted Top Miocene horizon. Whilst horizon assignment is tentative, and no Plio-
Pleistocene horizon was assigned in this study, this suggests that migration of the modern 
Hikurangi Channel may have begun during the earliest Pliocene. 
Figure 5-9 - Part of line PEG09-010 showing prograding clinoforms interpreted to represent lateral 
migration of the Hikurangi Channel. A prominent channel levee is observed, likely a result of aggradation 
induced by Coriolis forcing. Tentative horizon assignment suggest migration began during the early 
Pliocene, although age-control within Pegasus Basin could constrain this further. The circle marked with 
a cross implies flow direction moves into the page (away from the viewer). 
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The prograding clinoforms typically contain bright amplitude reflectors that onlap against the 
northeastern right-bank (looking downstream). These are interpreted to represent coarse-
grained sandy turbidites that are covered by mud-drapes, as revealed by core analysis of 
various sites within and outside the Hikurangi Trough by Lewis & Pantin (2002), and results 
from the TAN1307 survey (GNS Science and NIWA, 2013). On seismic the channel appears 
to have an asymmetric profile, with a prominent levee system developed on the SW side, 
which is likely a result of centrifugal forces induced by the southern hemisphere Coriolis 
effect (Lewis & Pantin, 2002). The channel is ~5.1 km in width, consistent with previous 
observations (GNS Science & NIWA, 2013), and is entrenched to a depth of ~ 200 ms 
(TWT) into the seafloor. 
Irregularities in relief of the seafloor reflector suggest the presence of sediment waves, which 
have been attributed to overspill and levee development on outer meander bends on the 
north-western side of the channel (GNS Science & NIWA, 2013). Here they appear to occur 
on the inside of the meander bend on top of the overbank plain, however local occurrences 
have also been recorded. On the same seismic line two crossings of a channel on a single 
seismic line occur ~ 32 km apart, consistent with reported meander lengths of 30-40 km 
(GNS Science & NIWA, 2013).  
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5.8 Bottom-Simulating Reflections (BSRs) and Direct Hydrocarbon Indicators 
(DHIs) 
Pegasus Basin contains a wide range of Direct Hydrocarbon Indicators (DHIs) that include 
flat-spots, bright-spots, velocity push-downs, gas chimneys, and prominent Bottom-
Simulating Reflections (BSRs) that are thought to indicate a gas hydrate system within the 
basin (Uruski & Bland, 2010; Bland et al., 2014). BSRs have long been documented within 
the Pegasus Basin region (Katz, 1981; Townend, 1997; Henrys et al., 2003; Percher & 
Henrys, 2003; Henrys et al., 2009; Barnes et al., 2010; Davy et al., 2010; Fohrmann & 
Pecher, 2012; Plaza-Faverola et al., 2012) and are thought to mark the base of gas hydrate 
stability in marine sediments, where gas hydrate-bearing sediments overly free gas bearing 
sediments (Bangs et al., 1993). 
Whilst they have not been mapped regionally in this study, it is important to recognize their 
significance here in Pegasus Basin’s petroleum system. BSRs can be identified by their 
typical reversed polarity with respect to the seafloor reflection, a geometry that is seen to 
mimic the seafloor topography (Figure ‎5-10), and increasing depths with increasing water 
depth (Bland et al., 2014). BRSs represent a phase boundary rather than a lithological 
boundary, and thus commonly cross-cut reflections from sedimentary strata (Figure ‎5-10). 
Concentration of BSRs tend to be strongest around geological structures that focus fluid flow 
towards the hydrate system (Percher & Henrys, 2003; Henrys et al., 2009) such as anticlines 
and deep-seated faults (Figure ‎5-10). 
Low-amplitude velocity push-downs are observed within gentle anticlines associated with 
blind thrust faults and gentle anticlines outboard of the East Coast accretionary prism 
(Figure ‎5-10). These velocity push-downs appear to abruptly stop beneath the interpreted 
BSR, reinforcing observations that gas hydrates associated with the BSR may act as a seal 
for gas accumulations (Uruski & Bland, 2010; Bland et al., 2014). The depths to gas 
hydrates BSRs and bottom water temperatures have been used in conjunction with gas 
hydrate phase boundary information to estimate geothermal gradients and heat flow in 
oceanic sediment (Shipley et al., 1979; Yamano et al., 1982) and has been emulated within 
Pegasus Basin (Townend, 1997; Henrys et al., 2003). Such estimates of heat flow are useful 
in Pegasus Basin, which remains entirely untested, and has shown that present-day surface 
heat flow increases from 30 to 40 mW.m-2 near the Hikurangi margin in the northeast of 
Pegasus Basin to 50 to 60 mW.m-2 adjacent to the Chatham Rise in the south.  The 
southerly increase in heat flow may be the result of the Chatham Rise accretionary prism 
acting as a thermal blanket to the underlying Hikurangi Plateau as it cooled following mid-
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Cretaceous partial subduction (Bland et al., 2014), and is matched by a southward 
shallowing of BSRs.  
 
5.9 Faulting Styles in Pegasus Basin 
5.9.1 Compressional faulting 
In addition to the compressional faulting observed as thrust faults and back-thrusts in the 
folded Early Cretaceous strata of the relict Gondwana subduction margin, Pegasus Basin is 
bound to the northwest by the East Coast accretionary prism, also referred to as the East 
Coast fold and thrust belt. Whilst this zone may be considered the border between two 
separate basins, the most seaward thrust faults and anticlines are likely to have incorporated 
sedimentary rock that was once part of the Pegasus Basin depositional system, and thus 
have significance in the basin’s petroleum system. Large thrust faults commonly verge 
southeastward (Figure ‎5-11), and have smaller antithetic faults associated with them, 
however some thrust faults are observed to verge landwards (northwest) and may represent 
Figure 5-10 - Part of line SAHKE-001 showing an interpreted Bottom-Simulating Reflector (BSR) (shown 
by white dotted line). These reflectors mimic the relief of the sea floor as a phase reversal, and cross-cut 
reflections, as seen in the tight, thrust-bound anticline (left side of line). Deep-seated faults are thought 
to focus fluid flow towards the BSR, and some of the faults in the East Coast accretionary prism are 
inferred to sole out at the subduction interface. Direct Hydrocarbon indicators, such as velocity push-
downs, are also observed in Pegasus Basin associated with gas accumulations.  
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relaxation structures. 
Thrust faults that are steeply dipping are inferred to have a transpressional component, 
which adds to the geological complexity of the accretionary prism as deformation has acted 
in concert with sedimentary deposition. Thrust faults are seen to sole out either at the Top 
Oligocene horizon, or deeper at the Hikurangi Plateau interface. Onshore in northeastern 
Marlborough, the Upper Marl Member of the Amuri Limestone is thought to act as 
mechanically weak interface that commonly functions as a thrust and/or fold-decollement for 
local fault systems (Van Dissen et al., 2005), and may behave in a similar manner in the 
East Coast accretionary prism. A similar process may occur in the intercalations of the top 
Hikurangi Plateau, where claystones or weathered volcaniclastics may act as decollement 
surfaces, also explaining thin-skinned deformation observed in the upper layers outboard of 
the most seaward thrust faults (Figure ‎5-11). Blind thrusts are interesting as they obscure 
the boundary between the East Coast and Pegasus basins, and are responsible for the 
Figure 5-11 - Part of line PEG09-025 showing large SE verging thrust faults of the East Coast accretionary 
prism. The most seaward thrusts are likely to have incorporated sediments of Pegasus Basin during their 
formation. Red faults are those that can be traced across multiple seismic lines, whereas black faults are 
those that only occur on this seismic line. 
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formation of gentle anticlines in northwest Pegasus Basin. These gentle anticlines are likely 
to provide dip-gradients sufficient enough to promote migration and trapping of 
hydrocarbons. 
5.9.2 Extensional faulting 
The PEG09 data and earlier surveys have revealed that the northern slope of the Chatham 
Rise is dissected by many northeast-southwest trending normal faults that offset the 
Torlesse Supergroup. These faults are likely to have origins similar to those of the North 
Mernoo Fault Zone (NMFZ) of the northwestern Chatham Rise (Barnes, 1994a, 1994b). The 
faults show normal offset, commonly dipping and downthrowing to the south (Figure ‎5-12), 
and in some cases are associated with antithetic faults. Their spacing varies between 2 – 7 
km, suggesting differential stress patterns in formation. Whilst no attempts were made to 
correlate these faults between lines, their distribution on lines is noted (Figure ‎5-13).  
These faults are considered to reflect tectonic deformation rather than shallow syn-
sedimentary slumping of the cover sequence because of where they occur on seismic. The 
underlying Torlesse Supergroup is involved in the deformation and offset, and nearly all of 
the faults dip and downthrow towards the south, upslope of the north Chatham Rise rather 
than downslope (Figure 3.12). It is apparent that some of the normal faults form above 
interpreted thrust faults of the underlying Torlesse Supergroup, implying that formation may 
exploit pre-existing zones of weakness within the underlying basement. It is possible that 
reactivation of thrust faults within the Torlesse may in part result from relaxation due to 
cooling of the underlying Hikurangi Plateau. Some fault traces extend to the surface and are 
covered by a thin veneer of sediment, suggesting that fault rupture has occurred in the last 
few tens of thousands of years (Barnes, 1994a). 
 In most instances the Top Middle and Late Miocene horizons were offset by these normal 
faults, suggesting their formation may have begun as early as c. 11 Ma. Barnes (1994a, 
1994) suggests that the NMFZ represents the youngest (Late Miocene – Recent) of three 
discrete phases (Late Cretaceous and Eocene age) of basement involved extensional 
faulting to deform the northwest corner of the Chatham Rise region. Two possible models 
are proposed to explain their formation; (1) lateral buckling of the upper crust, in which 
faulted slivers of crust are peeled off as the Chatham Rise slides past the transpressive 
Marlborough fault system toward the Southern Alps and (2) flexure of the edge of continental 
Pacific Plate as the Chatham Rise is bent downward into the southern end of the Hikurangi 
subduction zone. Whilst it is beyond the scope of this study to resolve each model, a figure 
is offered which depicts model (2) after Barnes (1994a)(Figure ‎5-13). The PEG09 survey 
may offer new insight into further constraining the extent and distribution of normal faults 
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within the NMFZ.  In contrast, the north slope of the Chatham Rise is also dissected by many 
normal faults that display small displacement, and are interpreted to reflect polygonal faulting 
(Figure ‎5-14). Polygonal faults are non-tectonic in origin, initiate at depths <100 m below the 
seabed, and can extend over areas of 105-106 km2 along passive continental margins 
(Cartwright & Dewhurst, 1998). These faults systems typically form layer-bound networks in 
mudstone-dominated sediments and sedimentary rocks, and are thought to form due to 
sediment dewatering and volume loss associated with compaction and dissolution of 
hydrous mineral phases during burial (Cartwright & Dewhurst, 1998; Cartwright, 2011). 
Polygonal faults of Pegasus Basin are dominantly distributed within Neogene-aged 
sediments, and sole out in the top of the Paleogene succession (Figure ‎5-14). Mapping their 
Figure 5-12 - Part of line PEG09-005 showing extensional faulting of the north slope Chatham Rise, 
possibly a northeastern extension of the North Mernoo Fault Zone. Faults are commonly downthrown to 
the south, are commonly seen to exploit planes of weakness in the underlying basement, and could be a 
result of downwarping of the subducting Pacific Plate. 
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distribution and connectivity in Pegasus Basin will require the acquisition of more 2D and/or 
3D seismic data. 
Figure 5-13 - The distribution of south-dipping normal faults found in the PEG09 survey is revealed (red 
transects), and may form in a similar fashion to those observed in the North Mernoo Fault Zone. Shown 
is a structural time-surface of the economic basement in Pegasus Basin (a composite of the top of the 
Chatham Rise and Hikurangi Plateau) shown in TWT (ms), of which many of these normal faults displace. 
The large white arrow indicates current vector motion of the Pacific Plate. 
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Figure 5-14 - Part of line PEG09-017 showing interpreted polygonal faulting and distribution. Polygonal 
faults seem largely confined to interpreted Neogene age sediments, and may result from dewatering of 
fine-grained sediments. 
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5.10 Horizon Maps 
Results of the seismic interpretation are presented here as a series of depth structure maps 
of major horizons, and isopach maps showing the thickness of sediments between them. 
Results are considered adequate for the level of detail that can be resolved from the PEG09 
survey, given the spacing and distribution of seismic lines. Difficulty is encountered when 
interpreting the highly tectonised and geologically complex East Coast accretionary prism, 
and thus the validity of the results in this region, particularly where the continental Chatham 
Rise impinges against northeastern Marlborough, could be questioned. This is also apparent 
on maps as “bulls eye” or “bow-tie” artifacts that arise from unresolvable interpretation 
across faults. All maps use a NZTM projection and the NZGD2000 datum, and contour 
intervals are specified on each map. Depth is expressed in metres below mean sea level. 
Major thrust faults identified on multiple seismic lines are expressed on depth structure maps 
as solid red lines. 
Maps of key horizons mapped in Pegasus Basin include: 
x Top of Economic basement; 
x Top of Hikurangi Plateau; 
x Top of Torlesse Supergroup and Early Cretaceous sediments; 
x Top of the passive margin succession (Top Oligocene); 
x Top of Late Miocene; 
x Sea bed. 
Isopach maps derived from theses horizon surfaces include: 
x Total sediment thickness; 
x Early Cretaceous Gondwana subduction complex thickness; 
x Cretaceous sediment thickness; 
x Passive margin succession thickness; 
x Miocene sediment thickness; 
x Pliocene-Recent sediment thickness. 
5.10.1 Depth Conversion 
Depth conversion was undertaken for this seismic interpretation project using the PEG09 
survey RMS stacking velocities. Stacking velocities were visually displayed in a function 
window in Petrel in order to identify outliers, i.e. velocities deemed abnormally high for the 
depth in TWT. The maximum stacking velocity was clipped to 6000 m/s before interval 
velocities were calculated, and velocities above this value were removed. This value is 
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considered reasonable when considering that the Hikurangi Plateau is ca. 35 km-thick, and 
seismic P-wave velocities exceed 8.5 km/s at the base of the plateau (Reyners, 
2013).Velocities deeper than -11.5 s (TWT) were also removed, as a loss of seismic 
resolution at these depths makes values questionable. 
Initial interval and average velocities were calculated using the Dix equation, which assumes 
that all reflectors are horizontal, creating inherent errors that increase as dips increase. 
Interval velocities were then created between horizon surfaces, including: 
x 0 Æ Seabed (1480 m/s); 
x Seabed Æ Top Miocene; 
x Top Miocene Æ Top Oligocene; 
x Top Oligocene Æ Top Late Cretaceous; 
x Top Late Cretaceous Æ Top Economic Basement; 
x Top Economic Basment Æ Base Datum (-11.5 s (TWT)). 
Interval velocities were then smoothed using an Iteration of 1, and a Filter width of 10. The 
final velocity model was then gridded at 1000 m x 1000 m, with the geometry defined by the 
interpretation boundaries of the inputted surfaces, and surfaces were domain converted from 
two-way time to depth in metres below mean sea level. 
Stacking velocities were utilized for depth conversion in Pegasus Basin as the basin lacks 
any wells with which velocity data can be extracted from. Stacking velocities are limited in 
that they will not give accurate measurements as a result of dip on bedding planes, lateral 
velocity variation, and anisotropy. Accuracy of stacking velocity depth conversion is likely to 
be compromised in the East Coast and Chatham Rise accretionary prisms, where lateral 
velocity variations are likely to exist due to thrust fault repetition juxtaposing differing 
lithologies aside one another, and differing degrees of induration.  
Interval velocities were created by grouping Epochs that are presumed to have similar 
overall facies, however this is a large oversimplification. For example, an interval velocity 
was created for the entire Miocene Epoch (Top Miocene Æ Top Oligocene), based on the 
assumption that this geologic interval was dominated by siliciclastic facies. Rocks of the 
Motunau Group cropping out in the Marlborough region show that in the Early Miocene still 
the rocks are dominated by carbonate deposition, and thus further interval velocity 
discrimination could be made if these rocks reflect offshore geology in Pegasus Basin.  
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5.10.2 Economic Basement 
As stated earlier, the economic basement surface represents a composite surface of both 
the Hikurangi Plateau and Torlesse Supergroup. The boundary between the gently deformed 
Early Cretaceous strata and Hikurangi Plateau is subjective, and does not follow a distinct 
reflection horizon, however a large detachment thrust separates the deformed strata from 
undeformed equivalents outboard of the relict subduction zone (Figure ‎5-15). Economic 
basement is shallow on the south margin of Pegasus Basin, where the crest of the Chatham 
Rise accretionary prism lies at a depth around ~2000 m. In the northeast the Hikurangi 
Plateau increases in depth from ~10,000 m to ~14,000 m below the East Coast accretionary 
prism. Whilst the later value could be considered erroneous, the values broadly agree with 
those of Henrys et al. (2013), who imaged the plate decollement surface of the Hikurangi 
Plateau at ~10 km depth. Where the Hikurangi Plateau is being subducted beneath Cook 
Strait, depths to the LIP reach up to 19,000 m. Torlesse Supergroup outcropping in the 
Aorangi Ranges onshore suggest that depths to the interpreted economic basement within 
the East Coast accretionary in this study are tentative, and that large scale thrusts are likely 
responsible for its appearance onshore.  
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Figure 5-15 - Depth structure map on top Economic basement. Regional faults that break the surface on 
this map, and subsequent maps, are indicated in red. (Contour interval 1000 m). 
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5.10.3 Top of Hikurangi Plateau 
The Hikurangi Plateau, which has been subducting beneath the eastern North Island since 
the Late Miocene (Reyners et al., 2011; Reyners, 2013) has been imaged at least 150 km 
laterally into the Chatham Rise (Davy et al., 2008) and may extend as far south as the 
northern Fiordland subduction zone. Seismic transects show that up to 2 s TWT of well-
layered reflections exist within the upper Hikurangi Plateau (Wood & Davy, 1994), commonly 
offset by extensional faulting induced during break up from the Ontong Java and Manihiki 
plateau. These characteristics of the Hikurangi Plateau are masked beneath the East Coast 
accretionary prism, where the thick and complex overlying succession reduces discernable 
reflection energy. Whilst many extensional faults are observed within the plateau no 
regionally-correlatable faults were established.  
Results from depth conversion (Figure ‎5-16) show that the Hikurangi Plateau deepens from 
~ 6,500 m in the east to more than 17,500 m below Cook Strait. The plateau is shallower 
near the northwest margin of the Chatham Rise, which could be the result of the tectonic 
stresses involved as the Chatham Rise impinges against the South Island. It could also be 
an erroneous artifact associated with the difficulty of identifying the horizon at this complex 
junction.  
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Figure 5-16 - Depth structure map on top of the Hikurangi Plateau. Contour interval 500 m. 
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5.10.4  Top of Torlesse Supergroup and Early Cretaceous sediments 
The PEG09 survey gives a unique insight into defining the geometry of subduction along the 
eastern-Gondwana margin during mid-Cretaceous time, and the depth map (Figure ‎5-17) 
shows a shallowing trend from north to south. To the north, undeformed Early Cretaceous 
sediments which were situated outboard of the Gondwana subduction front lie at depths 
around ~10,000 m, and shallow up to ~2,000 m on the crest of the Chatham Rise. This trend 
in depth is likely to have resulted from uplift of the Chatham Rise, where the partially-
subducted Hikurangi Plateau became underplated at ~100 Ma. Whilst the depth map shows 
Early Cretaceous sediments to lie at ~12,000 m within the East Coast accretionary prism, 
sediments of this age are likely to occur at shallower depths where they have been 
incorporated into thrusted slices. 
 
 
161 
 
 
  
Figure 5-17 - Depth structure map to the top of the Torlesse Supergroup and Early Cretaceous 
subduction sediments. The southern extent of the Chatham Rise accretionary prism has been uplifted 
and eroded. Contour interval 1000 m. 
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5.10.5 Top of the passive margin succession 
The top of the passive margin succession is marked by the Top Oligocene horizon, which is 
inferred to represent limestones similar to the Amuri Limestone and correlatives. 
Sedimentation rates waned following the cessation of subduction c. 100 Ma until the onset of 
active deformation and establishment of the modern plate boundary during the early 
Miocene c. 23 Ma. Sediments deposited during this time are likely to have been derived from 
Gondwana with decreasing clastic content as sediment supply to the margin reduced.  
The depth structure map (Figure ‎5-18) shows that the large detachment thrust associated 
with the Gondwana deformation front has no surface expression within the passive margin 
succession, indicating complete burial and tectonic quiescence. The Top Oligocene surface 
dips towards the northwest, increasing from a depth of ~1,500 m on the Chatham Rise to 
more than 13,000 m beneath the Cook Strait. In the northwestern and northeastern regions 
of Pegasus Basin the horizon becomes incorporated in the East Coast accretionary prism, 
where it is offset and juxtaposed with younger sediments by large-scale thrust faults. In 
these areas horizon interpretation is tentative and difficult.  
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Figure 5-18 - Depth structure map on top of the passive margin succession. Contour interval 500 m. 
 
164 
 
5.10.6 Top of the Late Miocene 
The expression of the Hikurangi Trough is apparent on the Top Late Miocene depth 
structure map (Figure ‎5-19), where depths to this surface range from ~3,750 to 5,000 m 
along the axis of Pegasus Basin. Depth to the Top Late Miocene horizon in the East Coast 
accretionary prism is variable and hard to constrain due to complex faulting, however its 
inferred position reveals structural highs associated with anticlines and folding. On the 
Chatham Rise depth to the Top Late Miocene shallows from ~2,500 m to less than 1,500 m. 
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Figure 5-19 - Depth structure map on top of Late Miocene. Contour interval 250 m. The “bulls eye” 
features are erroneous artifacts of unresolvable interpretation. 
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5.10.7 Seabed 
Water depth was determined by domain-converting the seabed surface from time to depth 
using a constant velocity of 1480 m/s. Most geomorphic elements of Pegasus Basin are 
imaged nicely from the seismically-derived bathymetry, showing the presence of thrust 
ridges oriented northeast within the East Coast accretionary prism (Figure ‎5-20). Water 
depths range from ~250 m near the crest of the Chatham Rise to as deep as ~3000 m within 
depressions of the Hikurangi Trough, and compliment existing bathymetry datasets of the 
area (CANZ, 2008; Uruski & Bland, 2010). Major canyon systems, such as the Cook Strait 
Canyons (Figure ‎5-20), are apparent on the derived surface, although smaller canyons are 
not resolved as the seismic line spacing is so large. These canyons act as major sediment 
transport systems, delivering clastic material from both the North and South islands. The 
proximal Hikurangi trends northeast, fed by sediment input from major local canyons such as 
Kaikoura, Motunau and Pahaua, before the Hikurangi Channel appears to divert 
southeastward away from a large sediment lobe and along the flank of the Chatham Rise. 
This sediment lobe (Figure ‎5-20) appears to have prograded into Pegasus Basin in response 
to a break in slope gradient and sediment input from the Cook Strait Canyon system, 
however local overbank spill from the Hikurangi Channel likely contributes to its growth and 
imparts control over its southernmost extent. The Hikurangi Channel is then observed to 
veer northeastward and join the Hikurangi Trough.  
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Figure 5-20 - Bathymetry map of seabed in Pegasus Basin derived from seismic picks. The yellow 
dashed lines infer the positions of major channels. Contour interval 100 m. 
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5.10.8 Total sediment isopach 
An estimate of total sediment in Pegasus Basin (Figure ‎5-18) was derived from the interval 
between the interpreted seabed and economic basement depth surfaces. Results show that 
the deepest part of Pegasus Basin contains over 10,000 m of sediment, with more than 
18,000 m of sediment in the Cook Strait part of the East Coast Basin. Modelling by Uruski 
and Bland (2010) suggests that the most promising locality for hydrocarbon generation and 
expulsion is where sediment overburden is sufficient enough that potential source rocks lie in 
the petroleum expulsion window today.  Although the Chatham Rise is only thinly covered by 
~2,000 m of sediment, and source rocks may not have been buried sufficiently, the Rise lies 
updip of the potential kitchen and may contain reserves of oil and gas, provided that traps 
and reservoirs are present. 
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Figure 5-18 - Total sediment isopach map for Pegasus Basin. Contour interval 1000 m. 
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5.10.9  Isopach between the top of the Hikurangi Plateau and the near 
top Early Cretaceous 
Sediments between the top of the Hikurangi Plateau and the near top Early Cretaceous are 
those that were deposited and accreted during subduction along the eastern Gondwana 
margin during mid-Cretaceous time. Results show (Figure ‎5-22) a rapid increase in 
thickness across the deformation front from ~5,000 m of sediment, to ~12,000 m of sediment 
within the Chatham Rise. This shows the gross structure of the Gondwana margin 
accretionary prism, which is interpreted to thicken and become older to the south with 
increasing age of the accretion process. Relatively undeformed Early Cretaceous sediments 
outboard of the relict subduction margin range in thickness between ~1,000 and 4,000 m.  
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Figure 5-22 - Isopach map of the Early Cretaceous Gondwana subduction complex. Contour interval 1000 
m. The “bow-tie” feature in the northeast is an erroneous artifact of unresolvable interpretation. 
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5.10.10 Cretaceous isopach map 
The thickness of Cretaceous “cover” sediments (Figure ‎5-19) was derived from the isopach 
map created between the interpreted economic basement and Top Late Cretaceous depth 
surfaces. Cretaceous sediments on the Chatham Rise are thin (~500 to 1000 m), and in 
some places were removed by erosion (values showing zeroes). This suggests that the 
Chatham Rise was still a relatively uplifted geomorphic feature in the Late Cretaceous time, 
likely due to the presence of the warm, buoyant, and underplated Hikurangi Plateau. Long-
lived thermal subsidence of the underlying Hikurangi Plateau is believed to have started 
following subduction cessation (c. 100 Ma), and continued to the Middle-Eocene (c. 40 Ma), 
subsiding 1.5-2 km as it cooled (Reyners et al., 2011). Cretaceous sediments thicken 
towards the basin axis, where local depocentres beyond the relict subduction front contain 
up to 5,000 m of section. Cretaceous paleogeography appears to have been similar to the 
modern day Hikurangi Trough. The “bow-tie” feature in the northeast is an erroneous 
feature, and appears in subsequent isopach maps, due to unresolvable interpretation across 
the footwall of a large-scale thrust fault.  
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Figure 5-19 - Isopach map of Cretaceous sediments. Contour interval 500 m.The “bow-tie” feature in the 
northeast is an erroneous artifact of unresolvable interpretation. 
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5.10.11 Passive margin sediment isopach 
The thickness of passive margin sediments in Pegasus Basin varies greatly, being relatively 
thin (~500 m) across inferred structural highs, and between 2,000 to 3,000 m thick in local 
depocentres in the centre of the basin (Figure ‎5-20). Such complexity in depositional 
thickness may highlight subsurface structural trends along the Gondwana margin such as 
depressions, which have been infilled with passive margin sediments. Thicker zones may 
indicate areas where the succession has been repeated by thrusting in the East Coast 
accretionary prism, or perhaps sediment mobilisation into deeper parts of the basin via 
slumping.  
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Figure 5-20 - Isopach map of passive margin sediments derived between the Top Early Cretaceous and 
Top Oligocene surfaces. Black dotted line delineates the approximate location of the mid-Cretaceous 
deformation front. The bull’s eye feature on the intersection of lines PEG09-010 and PEG09-021 is an 
artifact of surface interpolation and gridding. Contour interval 250 m. 
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5.10.12 Miocene sediment isopach 
The total Miocene sediment isopach (Figure ‎5-21) was derived from the Top Late Miocene 
and Top Oligocene interpreted surfaces, and highlights the large acceleration in 
sedimentation rates since establishment of the modern plate boundary during the earliest 
Miocene (c. 23 Ma). Miocene sediment thickness ranges from <500 m on across the crest of 
the Chatham Rise to ~8,000 m within the East Coast accretionary prism, however this latter 
value likely arises from thickening by thrust faulting in this region. Within the main axis of 
Pegasus Basin, Miocene sediment thickness ranges between 4,000 to 6,000 m, highlighting 
the presence of the early Hikurangi Trough which has acted as a sediment conduit within the 
basin for the entire Neogene Period. This thickness seems a reasonable estimate, as 
sedimentation rates of up to 870 m/Myr were reached during the Late Miocene in the 
Marlborough region (Browne, 1995). This thick succession of Miocene sediments is inferred 
to be dominated by flysch and fine-grained facies, and is likely to contain favourable rocks 
for hydrocarbon reservoirs. 
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Figure 5-21 - Isopach map of Miocene sediments. Contour interval 400 m. 
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5.10.13 Plio-Pleistocene sediment isopach 
Whilst no attempts were made during this study to interpret a Pliocene or Pleistocene 
horizon within Pegasus Basin, it was still possible to derive an isopach map for these epochs 
(Figure ‎5-22) using the Top Late Miocene and seabed depth surfaces. Results for Pliocene-
Recent sediments follow similar trends to the sedimentation patterns of the Miocene, where 
sediments are thin upon the Chatham Rise (~150-400 m) and thicken towards the Hikurangi 
Trough (~1,200 to 1,800 m). Structural highs become apparent within the East Coast 
accretionary prism, trending north to northeast, and showing associated lows with ~2,000 m 
of sediment fill. These are interpreted to represent ephemeral basins that form in conjunction 
with dynamic seafloor topography, where sediment is intercepted behind structural highs 
such as anticlines and likely to pond. 
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Figure 5-22 - Isopach map of Pliocene-Recent sediments. Contour interval 250 m. 
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6 Conclusions 
6.1 Discussion 
6.1.1 Outcrop analogues vs. seismic reflection character 
With a lack of “ground truth” from established wells in Pegasus Basin, the initial and 
most fundamental approach in understanding the sedimentary successions that 
seismic packages are likely to represent is to look to outcrop analogues. In this study 
the outcropping successions of Wairarapa and Marlborough have been postulated to 
serve as representative analogues of Pegasus Basin. Outcropping localities are 
situated within the East Coast Basin, adjacent to Pegasus record the geology of the 
inboard accretionary prism. These outcropping localities can therefore be viewed as 
correlatives of Pegasus Basin, and their expression on seismic is compared below 
with their expression in outcrop. 
 
It should be noted that high frequency lithological changes are lost in the seismic 
recordings, and thus the total thickness of sections measured in this study may only 
represent one seismic loop. However the outcrop descriptions and seismic 
interpretation serve as complementary study techniques, where lithological 
heterogeneity may serve to explain seismic responses such as amplitude or 
frequency.  
6.1.1.1 Cretaceous Rocks of Pegasus Basin  
Early Cretaceous rocks of Pegasus Basin display a range of reflection characteristics 
that have been used to infer the degree of deformation they have experienced. 
Reflection characteristics of the relatively undeformed Early Cretaceous succession 
in Pegasus Basin were inferred to represent offshore equivalents of the Coverham 
Group of Marlborough, or the Springhill Formation of Wairarapa. These rocks are 
typically mass-flow conglomerates and sandstones, mudstones and siltstones 
deposited in fan-delta complexes, and represent the earliest “cover” sequences of 
Pegasus Basin. In Wharekiri Stream of the Marlborough region, well-bedded Split 
Rock Formation can be seen onlapping Pahau Terrane of the Torlesse Supergroup 
(Figure ‎6-1). The distinction between “cover” beds and basement is made on the 
level of induration and deformation in the field, whereas on seismic the same 
inferences can be made based upon reflection character, where chaotic, disrupted 
and offset reflectors with variable amplitude are seen to represent basement. On 
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seismic, the same relationship can be depicted, where moderate-frequency 
continuous reflectors of Early Cretaceous age onlap and terminate with angular 
discordance against interpreted basement (Figure ‎6-1). Visualizing such 
relationships in outcrop and on seismic invites the suggestion that the Early 
Cretaceous succession of Pegasus Basin is likely to have correlatives onshore in the 
Coverham Group of Marlborough. 
 
In Wharekiri Stream, Split Rock Formation can also be seen moderately folded and 
faulted as a result of Neogene tectonic overprint with the establishment of the 
modern plate boundary. On seismic, faulted and folded reflections of Early 
Cretaceous age can also be observed, where subduction along the eastern 
Gondwana margin has “frozen” the sedimentary succession in the process of 
accretion. Whilst the scale of deformation is vastly larger on seismic than presented 
in outcrop, one can still appreciate the subduction-related tectonic overprint exhibited 
in both instances. Deformed Split Rock Formation therefore serves as a visual 
analogue for Early Cretaceous rocks of the same nature found offshore in Pegasus 
Basin. 
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Figure 6-1 – A) Part of line PEG09-021 showing onlap and termination of high-continuity Early 
Cretaceous reflectors against interpreted basement of the Torlesse Supergroup in Wharekiri Stream. The 
same relationship can be seen onshore in Marlborough, where well-bedded Split Rock Formation onlaps 
Pahau Terrane of the Torlesse Supergroup. It is likely that Early Cretaceous rocks in Pegasus Basin are 
correlatives of the Split Rock Formation and Coverham Group. B) Part of the same line showing faulted 
and folded seismic reflections, inferred to be of Early Cretaceous age. Early Cretaceous Split Rock 
Formation can be seen in a similar state onshore in Marlborough (at Wharekiri Stream), offering a visual 
representation and comparison between outcrop and seismic. It must be noted that in this image, and 
those that follow in this chapter, the size of the black box on the seismic line is by no means indicative of 
the scale of the outcrop, and is used purely to encapsulate the area of interest. 
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High-amplitude, discontinuous and broken reflections seen on the SAHKE-001 
seismic line are interpreted to be of Early Cretaceous and Late Cretaceous age, 
suggesting the presence of a coaly facies within the sedimentary succession 
(Figure ‎6-2). The outcropping mid-Cretaceous Warder Formation of Kaikoura is 
inferred to represent fluvial deposition in a coastal plain environment, and contains 
abundant coal fragments. Whilst reflection character of this nature was only observed 
on this line, it suggests the presence of fluvial deposits and terrestrial deposition on 
the Chatham Rise accretionary prism, which may have occurred locally after uplift 
during subduction cessation. If localized terrestrial deposition occurred in these areas 
of Pegasus Basin, then the Warder Formation of Kaikoura and Marlborough may 
serve as a useful analogue.  
 
6.1.1.2 Paleogene rocks of Pegasus Basin 
In comparison to other sedimentary successions, the inferred thickness of Paleogene 
rocks in Pegasus Basin is relatively thin, reflecting low sedimentation rates and 
pelagic deposition in an environment that was largely starved of clastic input. 
Continuous seismic reflections that exhibit moderate frequencies and high to very 
high amplitudes are interpreted to reflect carbonate deposition in Pegasus Basin. 
Onshore at Manurewa Point, southeastern Wairarapa, Mungaroa Limestone crops 
out as well-bedded porcellaneous limestone that overlies alternating mudstone and 
sandstone (Figure ‎6-3). Mungaroa Limestone is considered stratigraphically 
equivalent to the Amuri Limestone of the South Island. If the Mungaroa/Amuri 
limestones are representative of the carbonate succession offshore, contrasting 
Figure 6-2 – Part of line SAHKE-001, showing high-amplitude, discontinuous and blocky 
reflections above the Chatham Rise accretionary prism that are interpreted to represent coaly 
facies. The outcropping Warder Formation of Kaikoura represents deposition in a coastal plain 
environment, and may serve as an analogue for such seismic reflection facies. 
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lithologies such as limestones and alternating mudstone and sandstone may account 
for the large impedance contrasts, and thus high amplitudes seen on seismic. 
Onshore in the Wairarapa and Marlborough regions, the Marshall Unconformity 
represents a non-deposition/erosion surface that spans up to 14 Myrs, related to the 
establishment of circum-Antarctic water circulation and sea level fall. Locally the 
Marshall Unconformity shows paleosol and karstic development. At Kaikoura 
Peninsula the Marshall Unconformity spans ~7 Myrs (Figure ‎6-3), and separates 
Middle Eocene Amuri Limestone below from Early Miocene Spy Glass Formation 
above, which is in turn overlain by Early Miocene Waima Formation. The Spy Glass 
Formation and overlying Waima Formation mark the gradual transition from pelagic 
to clastic sedimentation. It is plausible that the basin-wide unconformity that is 
inferred to mark the top of the Oligocene succession in Pegasus Basin could 
alternatively represent the Marshall Unconformity, where local paleosol and karstic 
development could account for such a mark impedance contrast across the 
boundary. 
 
6.1.1.3 Neogene rocks of Pegasus Basin 
The Neogene period marks the inception of the modern plate boundary, and the 
onset of the most voluminous episode of clastic deposition recorded in Pegasus 
Basin. Seismic reflection character of the Miocene successions show high continuity, 
high frequency and low to high amplitudes, in addition to established cut-and-fill 
geometries in the Early Miocene, and are inferred to consist predominantly of flysch. 
Onshore, the Early to Late Miocene Whakataki Formation crops out along coastal 
Wairarapa, and consists of rhythmic and continuous packages of interbedded 
sandstones and mudstones deposited by turbidity currents. Whakataki Formation 
(Figure ‎6-4) is a likely correlative of the seismic reflection character that shows high 
continuity, high frequency, and high amplitudes. Anywhere cut-and-fill geometries are 
established on seismic, the Great Marlborough Conglomerate may serve as a useful 
analogue (Figure ‎6-4). The Great Marlborough Conglomerate is inferred to represent 
coarse-grained feeder channels that cut into background Waima Formation 
(siltstone), and may give insight into understanding these systems offshore in 
Pegasus Basin.   
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Figure 6-3 – A) The Marshall Unconformity, seen here at Kaikoura Peninsula, represents an erosion 
surface spanning ~ 7 Myrs, although elsewhere it represents up to 14 Myrs of non-deposition and 
erosion. Here it separates Middle Eocene Amuri Limestone from Early Miocene Spy Glass Formation, and 
marks the gradual transition from pelagic to clastic sedimentation. The Marshall Unconformity has 
reported paleosol and karstic development elsewhere in the South Island (Browne, 1995), and may reflect 
the strong basin wide unconformity that is seen marking the top of the Paleogene succession in Pegasus 
Basin. B) Well-bedded Mungaroa Limestone of Manurewa Point, Wairarapa, is stratigraphically equivalent 
to Amuri Limestone of the Marlborough region, and is likely to reflect the carbonate successions of 
Pegasus Basin.  
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Figure 6-4 – A) Where seismic reflection character in the Miocene succession shows high continuity, 
high frequency, and high amplitudes, a Whakataki Formation-correlative is postulated. B) Insight into 
cut-and-fill geometries seen on seismic in Pegasus Basin may be gleaned from representative analogues 
such as the Early Miocene Great Marlborough Conglomerate. 
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6.1.2 Implications for hydrocarbon prospectivity 
The aim of this thesis was to characterize the regional geology of Pegasus Basin, 
and whilst no exploration plays or leads have been developed in this study, 
recommendations regarding hydrocarbon prospectivity can be made. 
 
6.1.2.1 Pegasus Basin axis 
Results from seismic interpretation and depth conversion suggest that the axis of 
Pegasus Basin, centered above the modern Hikurangi Trough, contains a 
sedimentary succession of over 10,000 m. This region is considered the most 
prospective area identified on the PEG09 survey, where the vast volume of 
sedimentary rock deposited is likely to have placed source rocks of Cretaceous and 
Paleocene age within the oil/gas window. It is within this area of the survey that 
Direct Hydrocarbon Indicators (DHIs) such as flat spots, velocity push-downs and a 
prominent Bottom-Simulating Reflection (BSR) are observed. These DHIs occur 
outboard of the East Coast accretionary prism, where blind thrusts have formed 
large, gently-folded anticlines that may provide structural closures, however the BSR 
is present throughout the prism and may provide a sealing boundary. These DHIs 
are inferred to occur within Neogene turbidite sands, where interbedded mudstones 
may also provide sealing lithologies. Deep-seated thrusts of the East Coast 
accretionary prism are likely to have provided migration pathways for expelling 
hydrocarbons from deeper buried source rocks such as the Whangai and Waipawa 
formations, if these rocks are to occur extensively in Pegasus Basin. The Hikurangi 
Plateau is likely to have Early Cretaceous cover beds that have been “rafted” into 
Pegasus Basin on top of the Large Igneous Province, and these sediments may also 
have source rock potential and a provenance that differs from younger sediments in 
the basin.  
 
Results from seismic interpretation and depth conversion suggest that the Top 
Cretaceous occurs at depths between 6,000 to 7,000 m in the axis of the basin, 
therefore reservoir targets in the Neogene will be more economically favourable, 
where shallower primary targets can be drilled. The large component of lithic grains 
in sandstones of the Wairarapa and Marlborough during the Neogene and 
Cretaceous is shown to compromise reservoir quality where compaction has been 
dominant, leading to the alteration of these labile grains and the formation of 
authigenic clays. If these sandstones are found to be representative of sandstone 
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compositions in Pegasus Basin, then primary porosity may be compromised in 
Cretaceous sandstones, where compaction from overburden is expected to occur. 
 
Although the axis of Pegasus Basin is considered the most prospective area of the 
PEG09 survey, water depths of 2,400 m and greater mean that exploration wells will 
be technically complex and costly. 
 
6.1.2.2 East Coast accretionary prism 
Large, tightly-bound anticlines of the East Coast accretionary prism are likely to 
contain Neogene turbidite sandstones that may serve as potential reservoir targets. 
Petrographic analysis has revealed that Neogene sandstones of the Marlborough 
and Wairarapa regions have good primary porosities, and the same is to be expected 
of sandstones found in Pegasus Basin. Where folding is greatest, fracture porosity 
may be exploitable, however seal integrity may also be compromised. The most 
detrimental effect on primary porosity in Neogene-aged sandstones is carbonate 
cementation, which is thought to have occurred as a basin wide event in East Coast 
Basin. A lack of carbonate cementation in Neogene sandstones from Marlborough 
however questions the distribution of this diagenetic event. Stratigraphic trapping of 
ponded turbidite sandstones behind anticlinal ridges may also serve as a potential 
play, where coarser sands may be found. Analysis of fine-grained sandstones in this 
study has found that most contain matrix-rich zones associated with bed tops, which 
aid in the formation of clays and compromise porosity. Coarser-grained sands will 
likely have better porosity due to larger depositional pore-sizes, as a result of a 
depositional regime which removes the finer-grained faction during transport.  
 
6.1.2.3 Chatham Rise cover beds and underlying accretionary prism 
Sedimentary cover beds that mantle the Chatham Rise only attain thicknesses of 
~2,000 m, suggesting that the Rise has remained a shallower physiographic feature 
bounding Pegasus Basin for some time. It is therefore unlikely that overburden has 
been sufficient enough to place any potential source rocks in this area within the 
oil/gas window. The presence of coaly seismic facies on seismic suggests that local 
deposition of rocks analogous to the Warder Formation may have occurred on the 
Chatham Rise, however source rock maturity remains unknown. The Chatham Rise 
occurs up dip of the centre of Pegasus Basin, and there is the possibility that 
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hydrocarbons may have migrated upslope from the axis of the basin to become 
trapped in more elevated reservoirs. 
 
Early Cretaceous strata in the process of accretion outboard of the Chatham Rise 
were included in economic basement in this study, however this is an 
oversimplification for ease of mapping. Deformed Early Cretaceous rocks are likely to 
contain a source rock component if they are analogous with Split Rock Formation in 
Marlborough, or Glenburn Formation of Wairarapa, as these rocks cropping out 
onshore show visual traces of organic matter. The process of accretion has also 
faulted and folded these strata into broad anticlines, which may have the potential to 
provide structural traps. Petrographic analysis has revealed that sandstones of this 
age suffer primary porosity loss from compaction and carbonate cementation, 
however these sands may contain fracture porosity where folding is greatest. Ponded 
turbidite sands, derived from the uplifted Gondwana margin, may occur behind 
anticlinal ridges of the Chatham Rise deformation front and provide stratigraphic 
trapping opportunities. It is likely that fine-grained facies of the Paleogene, such as 
marls and carbonates, will provide sealing lithologies to reservoir targets of this 
depth. Whilst it is assumed that rocks of the Chatham Rise accretionary prism have 
no reservoir or source rock potential, these rocks have not been drilled and the 
possibility still remains that they are prospective.  
 
Onlapping Neogene sediments against the northern flanks of the Chatham Rise may 
provide the opportunity for stratigraphic trapping with texturally mature sands, where 
contour currents aid in winnowing and sorting sediments. The presence of bright-
amplitudes associated with these onlapping sediments suggests the presence of 
trapped hydrocarbons locally.  
 
6.1.2.4 Hikurangi Channel system 
There is the opportunity for stratigraphic traps within the proto-Hikurangi Channel 
system, where coarse reservoir facies may occur, sealed by the surrounding 
overbank mudstones. Petrographic analysis of a sandstone from the Great 
Marlborough Conglomerate channel system suggests primary porosity is fair, 
implying the Hikurangi Channel system is also likely to possess favorable porosities. 
Seismic interpretation has shown that migration of the channel system can be 
tracked, and further mapping of the proto-meander belt may help to identify “sweet 
spots” for reservoir plays. 
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6.2 Project outcomes 
This thesis investigates, and characterizes the regional geology of Pegasus Basin, a 
frontier exploration region of growing interest to many major hydrocarbon exploration 
companies. 
This was achieved by: 
x Describing and documenting key outcrop localities from the surrounding 
southern Wairarapa, northeastern Marlborough, and Kaikoura regions that 
bound Pegasus Basin’s northwest margin; 
x Sampling, preparing and analyzing sandstones from these key outcrop 
localities to quantify sandstone composition, visual porosity and provenance 
history, and reservoir quality; and 
x Interpretation of the PEG09 seismic survey, identifying horizons and 
sedimentary packages that were used to create depth and isopach maps, and 
ultimately linked with the described outcropping successions onshore. 
 
By using this three-tier approach to characterize the regional geology of Pegasus 
Basin, the following findings have been made which provide initial understandings of 
the expected geology offshore: 
 
x Of the 13 outcrop localities visited, the depositional environments interpreted 
to exist onshore in the Wairarapa and Marlborough regions include fluvial, 
terrestrial and shallow marine deposits, through to inner – mid shelf, and 
deep marine channel-levee and submarine fans, with fine-grained 
sedimentation at bathyal depths. These localities have provided probable 
analogues for deposits in Pegasus Basin, with only one inferred to represent 
deposition in terrestrial settings. Localized terrestrial deposition could have 
occurred to some extent on the uplifted Chatham Rise during mid-
Cretaceous time, however deposition in the main axis of Pegasus Basin is 
likely to consist almost entirely of marine sedimentation. 
x Outcrop localities of Cretaceous and Neogene age described here have 
reservoir potential if correlatives occur offshore. Clastic reservoir lithologies 
include sandstones and conglomerates, which ranged in volume from 29-
97% Net:Gross across the sections measured.  
x Petrographic analysis of six Cretaceous and six Neogene sandstones from 
the Wairarapa and Marlborough regions has revealed that they are 
compositionally classified as litharenites and feldspathic litharenites. The 
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parent source for these sediments is the Torlesse Supergroup, exposed and 
eroded during times of uplift. This was likely the result of uplift and exposure 
of the eastern Gondwana accretionary prism as a result of slab-detachment 
of the underplated Hikurangi Plateau during mid-Cretaceous times, which 
exposed the Torlesse Supergroup to a new cycle of erosion providing clastic 
material to Pegasus Basin. Establishment of the modern plate boundary in 
the Early Miocene created uplift of the hinterlands west of Pegasus Basin, 
again exposing the Torlesse Supergroup to erosion, and the deposition of 
those eroded sediments in Pegasus Basin. 
x Primary porosity is best preserved in Neogene-aged sandstones, particularly 
those of the Marlborough region. Cretaceous sandstones only tend to 
preserve secondary porosity, in the form of fractures or dissolution of 
framework grains. 
x Carbonate cementation, compaction and authigenic clay formation are the 
biggest contributing factors that degrade reservoir quality. Authigenic clay 
may form in concert with the degradation of unstable labile grains such as 
lithic fragments and feldspars, 
x Seismic interpretation of the PEG09 survey data has revealed that Pegasus 
Basin contains a sedimentary succession over 10,000 m thick, that mantles 
Early Cretaceous syn-tectonic strata in various states of deformation attained 
during mid-Cretaceous subduction at the eastern Gondwana margin.   
x Inception of the modern plate boundary during the Early Miocene provided a 
combination of accommodation space and sediment supply to what is now 
the modern Hikurangi Trough, depositing up to 4000 m of sediment in 
response to uplift and erosion of the western hinterland. 
x Pegasus Basin contains both compressional and extensional faulting styles, 
which have aided in forming structural traps such as gentle and tight 
anticlines, and provided hydrocarbon migration pathways.  
x Sedimentary cover beds mantling the Chatham Rise only attain a maximum 
thickness of 2000 m, suggesting that sediments in this area have not 
attained sufficient burial depths to drive possible source rocks into the oil/gas 
window.  
 
The insights gained from these findings have aided in providing a more 
comprehensive understanding of the regional geology in Pegasus Basin, offering 
explanation for sediment sources and composition during the Cretaceous and 
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Neogene periods, and providing visual analogues for rocks to be encountered 
offshore. Such information is invaluable when assessing the prospectivity and risks 
involved with hydrocarbon exploration in the frontier basin. 
6.3  Future Work and Recommendations 
As with exploration in any frontier region, many variables pertaining to the active 
petroleum system of Pegasus Basin still remain unknown. Future work onshore and 
offshore by institutes, exploration companies, universities and students within 
Pegasus Basin and its surrounding regions will help de-risk current and future 
exploration campaigns, and aid in a greater understanding of New Zealand’s 
Exclusive Economic Zone.  Recommendations made here are not exhaustive, and 
simply serve as a starting point to invite thought and discussion. 
 
The lack of wells that can be tied to seismic lines in Pegasus Basin remains one of 
the largest limiting factors in understanding the geology of the basin. Drilled wells 
provide “ground truth” to geologists, where rock cuttings and sidewall cores may 
provide lithological and biostratigraphic age constraints on the penetrated 
sedimentary succession. Such data are invaluable for assessing reservoir quality, 
seal integrity, and hydrocarbon charge. Checkshots obtained from drilled wells will 
allow for more reliable velocity models to be constructed, which currently rely on 
stacking velocities. The nearest wells to Pegasus Basin, Titihaoa-1 and Tawatawa-1, 
only provide seismic ties to Middle Miocene-aged strata in a tectonically complex 
environment, thus age constraints of deeper horizons will remain tentative until more 
wells have been drilled. Age-control will also allow for reasonable dating constraints 
on sedimentation and subsidence rates, which will give greater understandings of 
source rock maturity. 
 
Seismic line spacing and a lack of surveys over Pegasus Basin also hinder 
understandings of geological features. Future surveys, such as the confidential 
Schlumberger PEG14 spec survey, will provide additional seismic coverage over 
Pegasus Basin, and aid in more confident delineation of prospects, play fairways and 
regional faulting styles. Additional seismic coverage will aid in detailed seismic facies 
mapping, allowing for accurate construction of paleogeographic maps across the 
basin. Acquisition of 3D surveys will allow confident mapping of channel systems, 
such as the proto-Hikurangi Channel, and polygonal faulting systems found on the 
Chatham Rise. Interpretation of the East Coast accretionary prism will always remain 
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difficult, however reprocessing of seismic data in this region may allow for more 
confident mapping. 
 
The extent, to which outcropping geology of onshore Wairarapa and Marlborough 
reflects the geology of Pegasus Basin still remains unknown, however continued 
work here will undoubtedly contribute to understandings offshore. Unified 
paleogeographic models of the East Coast region through time are needed to 
provide accurate determinations of sediment distribution, and gauge to what extent 
the East Coast Basin provided sediments to Pegasus Basin. These will likely arise 
with increasing studies on detrital zircon ages and signatures, and tectonic 
reconstructions of the East Coast region, particularly in the Neogene. 
 
Whilst this study aimed to provide context on the provenance of sandstones in 
Pegasus Basin during the Cretaceous and Neogene periods, the data set can be 
improved upon with additional samples, particularly a larger suite for each potential 
reservoir interval. Future studies that include measured porosity and permeability 
estimates will prove useful in understanding microporosity, and how prominent this 
may be, particularly in sandstones that are believed to have undergone mineral 
dissolution. Studies on clay mineralogy using XRD will prove useful in identify the 
clays present within potential reservoirs, as well as the seal potential of mud rocks in 
the region and will also assist in more accurate diagenetic histories, revealing how 
deeply sandstones have been buried. Provenance studies will also be complimented 
by further studies on heavy mineral analysis. 
 
Understanding the composition, distribution and thicknesses of potential source 
rocks offshore will prove invaluable in identifying “sweet spots” where the Whangai 
and Waipawa formations may be generating and expelling hydrocarbons in Pegasus 
Basin. This will likely result from further mapping and source rock characterization 
onshore, in addition to seismic mapping in the subsurface. 
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Appendix A: New Zealand Cretaceous-Cenozoic timescale 
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Appendix B: Measured section legend 
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Appendix C: Measured Section – Split Rock Formation 
 
Group & age: Coverham Group, latest Early Cretaceous (Motuan) – Laird (1992) 
Location: Upstream from bridge, true left of Hodder River, Awatere Valley – South 
Island, New Zealand. 
Arrival time: 11:30am 
Date: 23/08/2014 
Weather: Sunny with scattered cloud 
Coordinates: E 1653188 
                       N 5362773 +/- 12m       (NZTM 2000) 
Geologist(s): Troy Collier, Greg Browne 
 
Total section measured: 2430cm/ 24.3m 
Total sandstone measured: 2363 cm = 97.2% Net:Gross 
 
End of measured section: directly beneath bridge, 3m east of true left bank of Hodder 
River. 
 
Coordinates for end of measured section 
 
x E 1653189 
           N 5362810 +/- 11m. (NZTM) 
 
x E 2563202 
           N 5924494 +/- 9m (NZMS 260) 
 
 
Samples collected 
 
Sample HDR-003 (Unit 4 of Split Rock measured section) 
x Sandstone 
x Bedding 050/NW70˚ 
x E 1653188 
x N 5362773 +/- 12m 
 
 Sample HDR-004 (Unit 48 of Split Rock measured section) 
x Sandstone 
x E 1653189 
x N 5362810 
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Additional Photos 
 
 
Figure 1 - Trough cross bedding with scattered shell fragments and rounded chert clast. 
 
 
 
Figure 2 - Tb Horizons, scattered organic matter and mudstone clasts. 
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Figure 3 - Convolute bedding within a sandstone bed. 
 
 
Figure 4 - Wave ripple bedding on contacts between sandstone beds. 
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Figure 5 - Carbonaceous fragments within a sandstone bed. The presence of carbonaceous 
matter reinforces the suggestion of Cretaceous-aged source rocks in the Pegasus Basin. 
 
 
Figure 6 - 56cm long bed of Inoceramus shell within mudstone interbed. 
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Figure 7 - Coarse granular Tb and convolute bedding. 
 
 
Figure 8 - Flute clasts on base of a sandstone bed oriented at a bearing of 152˚ (SE). 
 
 
 
 
 
. 
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Figure 9 - View of the Hodder River. The river flows from right to left in this picture. The end (top) 
of this measured section occurs below the suspension bridge on the true left of the river. 
 
 
Figure 10 - Trough cross-bedding and planar laminated bedding observed within sandstone 
beds of the mud-rich succession of Split Rock Formation. Scale bar graduated in 10cm 
increments. Photo courtesy of Greg Browne, 2014 (GNS Science). 
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Figure 11 - Wave ripple bedding on the top plane of a sandstone bed. Scale bar graduated in 
10cm increments. 
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Appendix D: Measured Section – Warder Formation 
 
Group & age: Wallow Group, Late Cretaceous (Ngaterian) - (Browne & Reay, 1993)  
Location: ~50m NE of bridge on Stag and Spey Road, Inland Kaikoura (Road). 
Arrival time: 9:00am 
Date: 25/08/2014 
Weather: Overcast with gentle breeze 
Coordinates: E 1629165 
                       N 5298355 +/- 6m  (NZTM 2000) 
Geologist(s): Troy Collier 
 
Total section measured: 2003cm / 20.03m 
Total sandstone and conglomerate measured: 1624cm = 81.1% Net:Gross 
 
Coordinates for end of measured section 
x E1629185 
x N5298359 +/- 12m 
 
Samples collected 
 
Sample MF-003 (Unit 1 of Warder Formation measured section)  
x Sandstone 
x Bedding 012/E64˚ 
x E 1629165 
x N 5298355 +/- 6m 
 
Sample MF-004 (Unit 16 of Warder Formation measured section) 
x Sandstone (trough cross bedded) 
x Bedding 021/SE58˚ 
x E1629175 
x N5298342 +/- 8m 
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Additional Photos 
 
 
Figure 1 - A continuous coal seam/rootlet at 43cm in length, highlighted by red arrows. 
 
 
Figure 2 - A coal fragment 4 cm x 15 cm within a siltstone bed. 
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Figure 3 - Coal fragment within fine-grained sandstone. 
 
 
 
 
Figure 3 - Trough cross bedding within a sandstone bed of the Warder Formation. 
226 
 
 
Figure 4 – Siltstone (resting above head of hammer) overlain by conglomerate, marking 
beginning of new sequence. Photo courtesy of Dominic Strogen, 2014 (GNS Science). 
 
 
Figure 5 - Panoramic view of Warder Coal measures outcrop on true left of Charwell River 
Bedding dips and youngs to the left (upstream). Photo courtesy of Dominic Strogen, 2014 (GNS 
Science). 
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Appendix E: Measured Section – Bluff Sandstone 
 
Group & age: Wallow Group, early Late Cretaceous (Ngaterian) – Laird (1982) 
Location: Hapuku River, Kaikoura. Accessed from Grange Road. 
Arrival time: 09:15am 
Date: 27/08/2014 
Weather: Fine with scattered cloud 
Coordinates: E 1656875 
                       N 5317041 ± 3m (NZTM 2000)  
(On NZMS260 031 – E660 N790) 
Geologist(s): Troy Collier 
 
Total section measured: 2041cm / 20.41m 
Total sandstone measured: 979cm = 48.0% Net:Gross 
 
Coordinates for end of measured section 
x E 1656852 
           N 5317060 (NZTM) 
 
Samples collected 
 
Sample HPK-003 (Unit 3 of Bluff Sandstone measured section) 
x Sandstone 
x Bedding 037/NW36˚ 
x E 1656872 
x N 5317042 +/- 11m 
Sample HPK-004 (Unit 18 of Bluff Sandstone measured section) 
x Sandstone 
x Bedding 027/NW36˚ 
x E 1656858 
x N 5317045 +/- 20m 
Sample HPK -005 (Unit 24 of Bluff Sandstone measured section) 
x Sandstone 
x Bedding 033/NW42˚ 
x E 1656861 
x N 5317046 
Sample HPK-006 (Unit 32 of Bluff Sandstone measured section) 
x Sandstone 
x Bedding 028/NW36˚ 
x E 1656852 
x N 5317060 +/- 5m 
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Additional Photos 
 
Figure 2 - Discontinous flaser bedding, and weathering pyrite nodules (highlighted by white 
arrows). 
Figure 1 – Calcite shear fabric (marked by white arrows) observed on sandstone bed adjacent to 
hammer. 
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Figure 3 - Close up shot of Figure 2. Flaser bedding is likely to consist of carbonaceous 
material. 
Figure 4 – Wave ripple bedding on upper contacts of sandstone beds (highlighted by white 
arrows). 
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Figure 5 - Infilled mudstone scour into underlying sandstone bed (highlighted by dashed white 
line). Flecks of carbonaceous material are suspended throughout sandstone bed (highlighted by 
white arrows). 
Figure 6 – Wave ripple bedding on upper contacts of sandstone beds (highlighted by white 
arrows). Crest-crest wavelength of 6-8cm. 
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Figure 7 – View of Bluff sandstone outcrop, with typical thick, amalgamated sandstone beds. 
Hammer for scale (black circle). 
Figure 8 – Rip up clasts of mudstone (highlighted by white arrows) within sandstone bed. 
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Figure 9 - Panoramic photo of measured section outcrop, courtesy of Dominic Strogen, 2014 
(GNS Science). 
Figure 10 - Alternating thin bedded sandstone and mudstone of the Bluff sandstone, courtesy of 
Mark Lawrence 2014 (GNS Science). 
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Appendix F: Measured Section – Herring Formation 
 
Group & age: Seymour Group, latest Cretaceous (Haumurian) 
Location: Kaikoura shore platform (Northern side of Peninsula) in front of George 
Knox Research Laboratory, Kaikoura. 
Arrival Time: 08:50am 
Date: 26/08/2014 
Weather: Fine (Beautiful, clear skies). 
Coordinates: E 1657397 
                       N 5303930 +/- 3m (NZTM 2000) 
Geologist(s): Troy Collier 
Note: One pace (Troy Collier) ~0.9m 
 
Samples collected 
 
Sample KSP-001 (Unit 1 of Herring Formation measured section) 
x Siltstone 
x Bedding 056/SE56˚ 
x E1657400 
x N5303929 +/- 5m 
 
Sample KSP-002 (Unit 10 of Herring Formation measured section) 
x Sandstone 
x Bedding 070/SSE64˚ 
x E 1657401 
x N 5303927 +/- 3m 
 
Sample KSP-003 (Unit 11 of Herring Formation measured section) 
x Siltstone 
x Bedding 058/SE48˚ 
x E 1657401 
x N 5303928 +/- 5m 
 
Sample KSP-004 (Unit 1 (U12) of Herring Formation measured section) 
x Sandstone 
x Bedding 068/SSE42˚ 
x E 1657428 
x N 5303935 +/- 4m 
 
Sample KSP-005 (Unit 2 (U16) of Herring Formation measured section) 
x Sandstone - taken at base of unit 
x Bedding 062/SE44˚ 
x E 1657481 
x N 5303968  +/-3m 
 
Sample KSP-006 
x Siltstone 
x 5.4 m below contact with Amuri Limestone 
x Bedding 052/SW40˚ 
x E 1657534 
x N 5303970 
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Sample KSP-007 
x Glauconitic sandstone – sampled from dike intrusion within Mead Hill 
Formation. 
x Adjacent to Kaikoura Marine centre & Aquarium on Wharf, Kaikoura. 
x Bedding 044/SE70˚ 
x E 1657804 
x N 5304055 +/- 3m 
 
 
Additional Photos 
 
 
Figure 1 – Dolomitic concretions following a bearing of 049˚ (from North) through shore platform 
outcrop. 
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Figure 2 - Starved sandstone lenses within Siltstone of Herring Formation. 
Figure 3 – Dolomitic concretion of Herring Formation. 
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Figure 4 – View northeast from shore Platform. In the middle foreground 5m of sandstone is 
preferentially eroded whilst siltstone remains more resistant to the left. A lot of fault traces mean 
the siltstone beds are discontinuous along strike. 
Figure 5 – Large concretion within massive sandstone bed. Hammer for scale (black circle). 
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Figure 6 – Glauconitic sandstone dike cutting through Mead Hill Formation (highlighted by black 
arrows). Red inset shows bioturbation (highlighted by white arrows) above dike which is likely 
provided source material. Sandstone dike suggests the Mead Hill Formation was only semi-
lithified during emplacement, and questions tectonic quiescence during the Paleogene. Hammer 
for scale (black circle). 
Figure 7 - Glauconitic sandstone dike cutting through Mead Hill Formation. 
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Figure 1 – Thalassinoides bioturbation within Herring Formation. 
 
 
Figure 2 – Pholad borings within dolomitic concretion of Herring Formation.  
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Appendix G: Measured Section – Great Marlborough 
Conglomerate 
 
Group & age: Motunau Group, Early Miocene (Altonian) (Lewis et al., 1980) 
Location: Deadmans Stream (south of Kekerengu, NE Marlborough)  
Arrival time: 11:47am 
Date: 24/09/2014 
Weather: Overcast and calm 
Coordinates: E 1678611 
                       N 5344899  
                      (NZTM 2000) 
Geologist(s): Troy Collier 
 
Total section measured:  1356cm / 13.56m 
Total sandstone and conglomerate measured: 1310cm = 96.6% Net:Gross 
 
Note: On the day a GPS reading took ~30 minutes to receive and conditions were 
cloudy. As a result readings between sample locations are not consistent, and so 
readings made from a NZMS260 P30 map sheet were used. The top of the section 
begins at P30/786449.  
 
-Correlating observations of Lewis, Laird & Powell (1980) with observations and 
location of this study, the measured section describes the upper unit of the Great 
Marlborough Conglomerate. 
 
Samples collected 
 
Sample DMS-001 (Unit 1 of the Great Marlborough Conglomerate measured 
section) 
x Pebbly sandstone  
x Bedding 020/NW74˚ 
x E 1678611 
x N 5344899 +/- 17m (NZTM Æ inaccurate measurement) 
 
Sample DMS-002 (Unit 23 of the Great Marlborough Conglomerate measured 
section) 
x Sandstone (70cm from base of unit) 
x Bedding 047/NW56˚ 
x E16778618 
x N5344871 +/- 28m 
 
Sample DMS-003  
x Sandstone exhibiting current ripples 
x Bedding 065/NW/76˚ 
x E1678550 
x N5344723 +/- 19m 
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Additional Photos 
 
 
Figure 1 - Waima Siltstone at the base of Deadmans Stream section. 
 
 
Figure 2 - Waterfall at contact between underlying Waima Siltstone and lower unit of Great 
Marlborough Conglomerate (GMC). 
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Figure 3 - Differing clast lithologies of the GMC, with the sharp contact and erosional scour 
annotated in white. 
  
 
Figure 4 - Hammer resting on a pebbly siltstone of the GMC. 
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Figure 5 - Major lithological units of the GMC, as proposed by Lewis et al. 1980. Note cow circled 
in red for scale.  
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Figure 6 - A matrix-supported conglomerate (U7) of the GMC. Annotations refer to described 
units in the measured section. 
 
 
Figure 7 - Pebbly siltstone (U8) and conglomerates (U7/9) of GMC. Annotations refer to 
described units in the measured section. 
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Figure 8 - A very coarse grained, contains discontinuous lenses of matrix supported 
conglomerate, with randomly oriented clasts (angular - rounded) and shell fragments. 
Annotations refer to described units in the measured section. 
 
Figure 9 - Sandstone bed of GMC displaying Tb and Tc bedding, whilst overlying siltstone 
exhibits Td and Te intervals. Annotations refer to described units in the measured section. 
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Figure 6 – A)  shows load casts of pebbly sandstone suspended in an underlying sandstone. B) 
shows Tc convolute and Tb beds of the underlying sandstone. Annotations refer to described 
units in the measured section. 
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Figure 11 - Conglomerate bed (U22) GMC showing variable thickness along strike. Annotations 
refer to described units in the measured section. 
 
Figure 7 - Varying lithological units of the GMC described within this measured section and 
annotated with respect to descriptions. Annotations refer to described units in the measured 
section. 
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Figure 13 - Current ripples in sandstone of GMC. Sample DMS-003 was collected from this 
sandstone.  
 
 
Figure 8 - Sandstone bed pinches out into underlying conglomerate. DMS-003 sampled here. 
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Figure 9 - Giant limestone megaclast within GMC. Bag is 0.75m in height.  
 
 
Figure 10 - Pebbly sandstone of Deadmans Creek beds. Pack is 0.75m in height.  
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Appendix H: Measured Section (1) – Medway Formation 
 
Group & age: Awatere Group, Late Miocene (early to middle Tongaporutuan) – 
Maxwell, 1990 
Location: Awatere River (true left of river), just down river from bridge at beginning 
of Medway Road, northeastern Marlborough 
Date: 22/08/2014 
Weather: Fine  
Coordinates: E 1672019 
                       N 5376266                       (NZTM 2000) 
 
                       E 2582032 
                       N 5937961    (NZMS260) 
Geologist(s): Troy Collier, Greg Browne 
 
Measured Section (2) – Medway Formation 
 
Location: Awatere River, just down river from bridge at beginning of Medway Road, 
on true left of river. 
E 1671918 
N 5376274 (NZTM 2000) 
-Further upstream, same outcrop. Expanded resolution of Greg Browne’s  
(30/10/1992) measured section. 
 
 
Total section measured (1):  1176cm / 11.76m 
Total sandstone and conglomerate measured (1): 561cm = 47.7% Net:Gross 
Total section measured (2):  348cm / 3.48m 
Total sandstone and conglomerate measured (2): 199cm = 57.2% Net:Gross 
 
Samples collected 
 
Sample MWR-003 (Unit 10 of Medway Formation measured section 1) 
x Pebbly sandstone 
x Bedding 077/NW26˚ 
x E 1672019 
x N 5376281 
Sample MWR-004 (Unit 17 of Medway Formation measured section 1) 
x Pebbly sandstone 
x Bedding 052/NW28˚ 
x E 1672012 
x N 5376270 
Sample MWR-005 (Unit 30 of Medway Formation measured section 1) 
x Sandstone 
x Bedding 078/NW36˚ 
x E 1671996 
x N 5376275 
Sample MWR-006 (Unit 9 of Medway Formation measured section 2) 
x Sandstone 
x taken from 2nd interbed of U9. 
x E 2581934 
x N 5937966 (NZMS 260) 
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Additional Photos 
 
 
Figure 1 - Reverse faults in Medway Formation, with throw of 30cm. Initial location of first 
measured section. Rocker hammer for scale (red circle). 
 
Figure 2 - Pebbly sandstone of Medway Formation with faint Tb bedding. 
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Figure 4 - Bioturbation within a pebbly sandstone of the Medway Formation. 
Figure 3 - Reverse fault (071/NW22˚) offsetting beds in Medway Formation. 
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Figure 5 - Pebbly sandstone, Medway Formation with large siltstone clasts in upper portion 
(arrowed in black). 
 
Figure 6 - Pebbly sandstone of  Medway Formation. Shell fragments present. 
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Figure 7 - Pebbly sandstone of Medway Formation showing normal grading. 
 
Figure 8 - Faint trough cross bedding in Medway Formation sandstone. 
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Figure 9 - Small scale reverse faults within Medway Formation. Photo courtesy of Greg Browne, 
2014 (GNS Science). 
 
 
Figure 10 - Cut and fill scours of pebbly sandstone into underlying mudstone. Photo courtesy of 
Greg Browne, 2014 (GNS Science). 
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Figure 11 - Mudstone clasts suspended within a pebbly sandstone bed of Medway Formation. 
Photo courtesy of Greg Browne, 2014 (GNS Science). 
 
Figure 12 - Bioturbation sandstone lenses within conglomerate of Medway Formation. Photo 
courtesy of Greg Browne, 2014 (GNS Science). 
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Figure 13 - Outcrop of Medway Formation, true left of the Awatere River. Troy Collier for scale 
(1.86m). Photo courtesy of Greg Browne, 2014 (GNS Science). 
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Appendix I: Field note description - Starborough Formation 
 
Group & age: Awatere Group, Late Pliocene (Waipipian) 
Location: Awatere River, downstream from SH1 bridge near Seddon, northeastern 
Marlborough 
Arrival time: 4:00pm 
Date: 22/08/2014 
Weather: Overcast 
Coordinates: E 1689934 
                       N 5387344 (NZTM 2000)  
Geologist(s): Troy Collier, Greg Browne 
 
Samples collected  
Sample STRB-001  
x Sandstone 
x Bedding 058/SE21˚ 
x E 1689934 
x N 5387344   
 
Additional photos 
 
 
Figure 1 - Starborough Formation, hammer head placed along shell hash bed. Downstream from 
SH1 Bridge, Awatere River. 
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Figure 2 - 80cm thick mudstone clasts within Starborough Formation (above figure’s head), 
Downstream from SH1 Bridge, Awatere River. 
 
Figure 3 - Shell hash lenses within Starborough Formation. Scale bar graduated every 10cm. 
Photo courtesy of Greg Browne, 2014 (GNS Science). 
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Appendix J: Measured Section – Glenburn Formation 
Group & age: No Group assignment, mid-Late Cretaceous (Late Piripauan ) - Laird 
et al.( 2003) 
Location: 50m south of sewerage tank  on Tora Shore Platform – in front of Lower 
Hutt Cosmopolitan Club. Tora, southeastern Wairarapa 
Date(s): 16/04/2014 & 17/05/2014 
Weather: Fine (working during dusk) 
Coordinates: E  1807400  
                       N 5399020 (NZTM 2000) 
Geologist(s): Troy Collier, Greg Browne 
 
Note: working from top down due to tides 
 
Total section measured: 879cm / 8.79m 
Total sandstone and conglomerate measured: 771cm = 87.7% Net:Gross 
 
Samples collected 
Sample TORB-004 (Unit 28 of Glenburn Formation measured section) 
x Sandstone 
x Bedding 076/NW72° 
x E 1807406  
x N 5399010 
Sample TORB-005 (Unit 29 of Glenburn Formation measured section) 
x Pebbly sandstone 
x 076/NW32° 
x E 1807406 
x N 5399010 
Sample TORB-006 (Unit 36 of Glenburn Formation measured section) 
x Sandstone 
x Bedding 061/NW28° 
x E 1807402 
x N 5399008 
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Additional photos 
 
Figure 1 - Soft sediment deformation exhibited in a sandstone bed of Glenburn Formation. 
 
Figure 2 - Faint ripple bedding in a fine-grained sandstone bed of Glenburn Formation. 
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Figure 3 - Pencil sits upon truncated soft sediment deformation in a sandstone bed of Glenburn 
Formation. Honeycomb weathering (large pits) is typical of this outcrop. 
 
Figure 4 - Localised sandstone bed that pinches out, possibly a result of compensation stacking? 
Hammer for scale. 
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Appendix K: Field Note Description – Whangai Formation 
Group & age: Rakauroa Member, Late Cretaceous (Piripauan – Haumurian 
(probably Haumurian)) (Moore, 1988) 
Location: Pukemuri Stream, Tora, southeast Wairarapa 
Arrival time: 12:45pm 
Date: 24/06/2014 
Weather: Overcast 
Coordinates: E 1807764 
                     N 5399731 +/- 10m (NZTM 2000) 
Geologist(s): Troy Collier 
 
 
Samples collected 
Sample PKMS-002 
x Mudstone 
x Bedding 083/NNW80° 
x E 1807764 
x N 5399731 
 
Additional photos 
 
Figure 1 - A calcareous concretion of Whangai Formation. Calcareous concretions are common in 
Whangai Formation at Tora. 
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Figure 2 - Possible planar laminated bedding within Whangai bedding. 50m upstream from measured 
sections, up cliff face, true left of river. 
 
Figure 3 - Hammer handle on surface of angular unconformity. Beds above this surface appear 
subhorizontal, whilst below hammer surround concretion beds appear near-vertical in dip. 
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Figure 4 - Coarser grained succession of Whangai Formation, Tora beach shore platform. 
 
Figure 5 - Fault within the Whangai Formation on the Tora beach shore platform. The fault has been 
infilled by calcareous precipitate showing fluid mobility. 
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Figure 6 - Siliceous concretion within Whangi Formation on the Tora beach shore platform. The 
concretion has been offset by a fault early in the diagenetic process. 
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Appendix L : Measured Section – Mungaroa Limestone 
 
Group & age: Mangatu Group, mid-Teurian (c. 59-60 Ma) (Middle Paleocene) 
(Hines at al., 2013) 
Location: Manurewa Point, Tora, southeastern Wairarapa.   
Date(s): 23/06/2014 & 24/06/2014 
Weather: Fine 
Coordinates: E 1811263 
                       N 5402033 (NZTM 2000) 
Geologist(s): Troy Collier 
Note: measured section was made of middle and upper member of Mungaroa 
Limestone 
 
Total section measured: 858cm / 8.58m 
Total sandstone and calcareous sandstone measured: 626cm = 73.0% 
Net:Gross 
 
Samples collected 
 
Sample MRP-001 (Unit 8 of the Mungaroa Limestone measured section) 
x Calcareous sandstone 
x Bedding 004/31˚NE 
x E 1811267 
x N 5402012 
Sample MRP-002 (Unit 23 of the Mungaroa Limestone measured section) 
x Calcareous sandstone 
x E 1811272   
x N 5402011 +/- 4m NZTM 
Sample MRP-003 (Unit 35 of the Mungaroa Limestone measured section) 
x Micritic limestone 
x Bedding 164/NE38˚ 
x E 1811276   
x N 5402016 +/- 11m NZTM 
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Figure 1 - Calcareous sandstone showing bioturbation (yellow circle). Pencil is 15 cm. 
Annotations refer to described units in the measured section. 
 
Figure 2 - Ripple cross-bedding displayed in calcareous sandstone, with crest-crest wavelength 
of 23 cm. 
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Figure 3 - Bioturbation in a calcareous sandstone bed (highlighted by white arrows). Notebook 
for scale (19 cm). 
 
Figure 4 - Calcite veins within calcareous sandstone (highlighted by black arrows). 
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Figure 5 - Laminated mudstone with many small-scale extensional faults (annotated in white). 
Annotations refer to described units in the measured section. 
 
Figure 6 - Hummocky cross-stratification within a sandstone bed (bounding surfaces highlighted 
by dashed white lines). 
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Figure 7 - Pebble layer suspended within a mudstone bed (highlighted by white arrows) and unit 
distinction. Annotations refer to described units in the measured section. 
 
Figure 8 - Fine-grain sandstone interbedded with mudstone, showing sharp and wavy contacts 
between beds (highlighted by white arrows). 
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Figure 9 - Bioturbation within micritic limestone bed (highlighted by white arrows). 
 
Figure 10 - Bioturbation (highlighted by black arrows) and greywacke pebbles (highlighted by 
white arrows) within a glauconite-rich, calcareous sandstone bed. Upper 5 cm displays cross-
bedding (bounding surfaces highlighted by black dashed lines). 
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Appendix M: Measured section – ?Whakataki Formation 
Group & age: Palliser Group, age unknown 
Location: Road cutting ~1km from the coast at White Rock Station, White Rock Road, 
southeastern Wairarapa. 
Arrival time: 10:50am 
Date: 17/05/2014 
Weather: Fine 
Coordinates: E 1801921 
                       N 5396371 (NZTM2000) 
Geologist(s): Troy Collier 
 
Total section measured: 461cm / 4.61m 
Total sandstone measured: 301cm = 65.3% Net:Gross 
 
Samples collected 
Sample WR-006 (Unit 5 of ?Whakataki Formation measured section) 
x Siltstone 
x Bedding 008/W12° 
x E 1801921 
x N 5396371 
Sample WR-001 (Unit 20 of ?Whakataki Formation measured section) 
x Mudstone 
x Bedding 016/W10° 
x E 1801921 
x N 5396371 
Sample WR-002 (Unit 27 of ?Whakataki Formation measured section) 
x Mudstone 
x Bedding 016/W10° 
x E 1801921 
x N 5396371 
Sample WR-003 (Unit 50 of the ?Whakataki Formation measured section) 
x Mudstone 
x Bedding 016/W10° 
x E 1801921 
x N 5396371 
Sample WR-004 (Unit 53 of the ?Whakataki Formation measured section) 
x Mudstone 
x Bedding 008/W12° 
x E 1801921 
x N 5396371 
Sample WR-005 (Unit 57 of the ?Whakataki Formation measured section) 
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x Sandstone 
x Bedding 008/W12° 
x E 1801921 
x N 5396371 
Additional Photos 
 
Figure 1 - Faintly-bedded convoluted horizons (highlighted by black arrows) displayed in sandstone beds 
of ?Whakataki Formation.  
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Figure 2 - Convoluted bedding sharply overlain and scoured by planar-laminated sandstone. 
 
 Figure 3 – Normal offset within sandstone and mudstone beds of ?Whakataki Formation. 
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Figure 4 - Tb and Tc bedded sandstones. 
 
Figure 5 - Calcite shear veins on a planar-laminated sandstone bed. 
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Figure 6 – Outcrop of ?Whakataki Formation measured, with figure (1.86 m) for scale. 
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Appendix N: Measured Section – Whakataki Formation 
Group & age: Palliser Group, Early – Middle Miocene (Waitakian – Clifdenian) 
(Wellwood, 1996 – at Riversdale (NZMS 260 Sheet T27 679068-679059)) 
Location: Flat Point shore platform, Wairarapa (down in front of Reef Point Lodge 
(M.V. Burkhart)) 
Arival time:  
Date: 26/06/2014 
Weather: Overcast and windy 
Coordinates: E 1848550 
                       N 5430634 +/- 3m          (NZTM 2000) 
Geologist(s): Troy Collier 
 
Total section measured: 1079cm / 10.79m 
Total sandstone measured: 320cm = 29.7% Net:Gross 
 
Samples collected 
Sample FP-001 (Unit 12 of Whaktaki Formation measured section) 
x Sandstone 
x Bedding 036/NW86° 
x E 1848558 
x N 5430637 
Sample FP-002 (Unit 15 of Whakataki Formation measured section) 
x Sandstone 
x Bedding 038/NW82°  
x E 1848558  
x N 5430633.  
Sample FP-003 (Unit 17 of Whakataki Formation measured section) 
x Mudstone 
x E 1848560 
x N 5430635 
Sample FP-004 (Unit 20 of Whakataki Formation measured section) 
x Sandstone 
x Bedding 038/NW72° 
x E 1848560   
x N 5430635  
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Additional Photos 
 
Figure 1 - Whakataki Formation at Flat Point. The more erosion-resistant sandstones (S) are easily visible 
against the mudstones (M), striking in a NNE direction. The yellow dashed line indicates the transect of 
the measured section. 
 
Figure 2 – Typical Tb and Tc intervals of Whakataki Formation at Flat Point. 
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Figure 3 – Plane laminated bedding overlain by ripple cross bedding, with erosional contact (black 
arrow). 
 
Figure 4 - Small normal faults displacing U12 of measured section. 
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Figure 5 – Convoluted bedding with channel fill (black arrow). 
 
Figure 6 – Climbing ripple foresets overlain by trough cross bedding, indicated by dashed lines. 
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Figure 7 - Deformation structures within upper 12cm of U15, shown by black arrows. 
 
Figure 8 - Mudstone with calcite infilling fault and fractures. Inset (red box) photo shows calcite vein 
reacting vigorously with 10% Hydrochloric acid 
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Figure 9 – Convolute bedding and soft sediment deformation, indicated by black arrows. Tape measure is 
in centimetres. 
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Appendix O: Measured Section – Whakataki Formation 
Group & age: Palliser Group, Early Miocene (upper Waitakian – early Otaian) (Field 
2005) 
Location: Shore platform exposed at low tide, adjacent to Wharepouri’s mark south 
of Castlepoint, Wairarapa 
Arrival time: 09:40am 
Date: 25/06/2014 
Weather: Overcast 
Coordinates: E 1873198 
                       N 5471833 +/- 3m  (NZTM2000) 
Geologist(s): Troy Collier 
 
Total section measured: 431cm / 4.31m 
Total sandstone measured: 297cm = 68.9% Net:Gross 
 
 
Samples collected 
Sample WHPM-003 (Unit 12 of Whakataki Formation measured section) 
x Sandstone 
x Bedding 028/NW62° 
x E 1873195 
x N 5471830 
Sample WHPM-004  (Unit 35 of Whakataki Formation measured section) 
x Mudstone 
x Bedding 030/NW76°  
x E 1873192 
x N 5471831 
Sample WHPM-005 (Unit 41 of Whakataki Formation measured section) 
x Sandstone 
x Bedding 025/NW82°  
x E 1873192 
x N 5471829 
Sample WHPM-006 (Unit 45 of Whakataki Formation measured section) 
x Sandstone 
x Bedding 039/NWW68°  
x E 1873192 
x N 5471829 
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Additional Photos 
 
Figure 1 - Differing units of Whakataki Formation. A fine-grained sandstone (U1) displays Tb bedding 
grading into Tc bedding, sharply overlain by a mudstone bed (U2). Compass is 8 cm long. 
 
Figure 2 - Multiple faults and fractures cross-cut Whakataki Formation. Shown are two reverse faults with 
bedding attitude 022/NW48° (Fault adjacent to hammer). 
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Figure 3 - Climbing ripple foresets, highlighted by the dashed lines. Solid lines highlight convoluted 
beds. 
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Figure 4 - Image depicts general and consistent strike of bedding 023/NW74°. Compass is 8 cm long. 
 
Figure 5 - Starved ripple beds, highlighted by concentrated organic matter. 
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Figure 6 - Plane-laminated sandstone, with organic matter displayed at tip of pencil. 
 
Figure 7 - Typical Tb and Tc intervals of Whakataki Formation. 
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Figure 8 - Channel fill of overlying fine-grained sandstone cutting into underlying mudstone. 
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Appendix P: Reservoir petrology point count data 
 
 
 
 
